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ABSTRACT 

This study investigated the relationships between the 
mathematical ptoblem-solving performance of fourth-grade children, 
their attitudes toward problem solving, their teachers' attitudes, 
and related sex and program-type differences. Three instruments were 
used to gather data. Data were gathered for the first part of the 
study from 30 classes in thirteen southern Wisconsin schools. Halt 
used Developing Mathematical Processes (DMP); the remaining used 
standard textbooks. Results showed DMP students performed 
significantly better than non-DMP pupils on the first two parts of 
the problem-solving instrument, with no significant differences on 
the third part. Among other results, no significant sex-related 
differences were found. Data for part one was collected during the 
fourth month of the 1975-76 school year. Part two was conducted 
during the seventh month only with the DMP classes, in an attempt to 
determine direction of effects between teacher attitudes and student 
attitudes and performance. It is noted that initial teacher attitude 
seemed to have a greater effect on final student attitude than 
initial student attitude had on final teacher attitude. (MP) 



*********************************************************************** 

* Reproductions supplied by EDRS are the best that can be made * 

* from the original document. 

*********************************************************************** 



ULl 



May 1 y 




TECHNICAL REPORT NO 396 
(Port 1 of 2 Ports) 



a study of the 
relationships 
between selected 
noncognitive 
factors and the 
problem solving 
performance of 
fourth-grade 
children 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



SEPTEMBER 1976 



WISCONSIN RESEARCH 
AND DEVEipPMENT 
CBHTER FOR 
COGNITIVE LEARNING 



TC THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC)," 



Technical Report No. 396 
Part 1 of 2 Parts 



A STUDY OF THE RELATIONSHIPS BETWEEN SELECTED 
NONCOGNITIVE FACTORS AND THE PROBLEM SOLVING 
PERFORMANCE OF FOURTH-GRADE CHILDREN 



by 

Donald Ray Whitaker 



Report from the Project on 
Conditions of School Learning and Instructional Strategies 



John G. Harvey 
Faculty Associate 



Wisconsin Research and Development 
Center for Cognitive Learning 
The University of Wisconsin 
Madison, Wisconsin 

September 1976 



Thir. Technical Report j r> a doctoral disGertation reporting research nupporterl 
thf Wisconcin f<onearch and Development ^'enter for Ocgnitive Learning, ."^ince it har. 
bren approved by a Unlverf.lty Kxaminlng Cnminittee, it has not been reviewed by the 
'•ent(»r. Tt i v. f)ubli:'hed by the Center as a record of some of the Cehter's activities 
• \ncl ar. a scurvier tn the student. The bounci original is in the University of 
Wlr.cnnr.in Memorial f^ibrary. 

f ul)ll'.:h''d by the WJr.conr.in Research and iJovelopmnnt Tenter for Cognitive Learning, 
'.MM'OPt'*d In f^ai't .f. a p(>r.narrh ?ind develof)ment. center by fund:- from the Matlnnal 
Inntitutf- of K(l\w::lt I ori, )>npartmnnt of Menlth, Kducation, and Wrafare. The n^mnonz 
(•y i»i»o:'r.»Ml hprnln do rinl iK'cer.sari ly rr^flccl t,h<' position nr policy of the r^^at-lon;il 
rnstlt.ute of* ICducatlnn an(i no official endo moment by that agency f.hould be Inferred. 

Center Contract No. NE-C-00- 3-0065 



4 



D 



9 ' 



ERIC 



WISCONSIN RESEARCH AND DEVELOPMENT 
CENTER FOR COGNITIVE LEARNING 



MISSION 

The mission of the Wisconsin Research and Development Center 
for cognitive Learning is to help learners develop as rapidly 
and effectively as possible their potential as human beings 
and as contributing members of society- The R&D Center is 
striving to fulfill this goal by 

• conducting research to discover more about 
how children learn 

• developing improved instructional strategies, 
processes and materials for school administrators, 
teachers, and children, and 

• offering assistance to educators and citizens 
which will help transfer the outcomes of research 

' and development into practice 



PROGRAM 

The activities of the Wisconsin R&D Center are organized 
around one unifying theme. Individually Guided Education. 



FUNDING 

The Wisconsin R&D Center is supported with funds from the 
National Institute of Education; the Bureau of Education for 
the Handicapped, U.S. Office of Education; and the University 
of Wisconsin. 



ACKNOWLEDGMENTS 



This thesis represents the culmination of a period of formal 
educational training spanning almost two decades. An individual 
arrives at such a milestone only after being profoundly influenced 
by a multitude of individuals. Unfortunately, it is impossible 
to thank all of those individuals, but several of them must be 
singled out for recognition. 

Throughout my doctoral studies Dr. John G. Harvey served 
'superlatively as major professor, trusted advisor, and valued . 
friend; his help and guidance in the preparation of this thesis 
were invaluable. 

On numerous occasions Dr. Thomas A. Romberg and Dr. J. 
Fred Weaver offered helpful suggestions regarding the conduct of 
the study, the analysis of data, and the writing of the thesis. 

Dr. James M. Moser and Dr. Lloyd E. Frohreich carefully read 
the thesis and served ably on my final examining committee. 

The study could not have been completed without the excellent 
cooperation of the students, teachers, and principals in the 13 
participating schools. The efforts of Miss Jan Tully were especially 
helpful . 

Dr. Diana Wearne developed the problem solving test used in 
the study and willingly assisted with the data gathering procedures. 

Mrs. Dorothy Egener typed the final draft of the thesis and 
offered helpful suggestions regarding format. 

iv 

6 



Mr. Kurt Ruthmansdorfer of the University of Wisconsin 

i 

Academic Computing Center competently assisted with the pro- 
gramming and analysis of data. 

Many other staff members at the Wisconsin Research and 
Development Center assisted with the conduct of the study and 
the preparation of the thesis. 

I deeply appreciate the efforts of all of those persons 
noted above. In addition, there are three individuals who 
deserve special recognition. My paients, Ruth and Raymond 
Whitaker, served ably as my first teachers, taught most effectively 
by example, and often made personal sacrifices so that my educa- 
tional goals could be accomplished. My wife. Sue, has provided 
the thoughtful support of a loving marital partner and the wise 
counsel of a professional colleague; she was never too busy to 
advise or assist, even though pursuing her own doctoral studies 
at the same time. Because of their immeasurable influence upon 
my life, I dedicate this thesis, with 'gratitude and pride, to 
my wife and to my parents. 



% ■ 



7 



m 



TABLE OF CONTENTS 



page 
. . iv 

ACKNOWLEDGMENTS 

LIST OF TABLES 

xi V 

LIST OF FIGURES 

.... XV 

ABSTRACT 

Chapter 

1 INTRODUCTION ; ^ 

The Nature of the Problem 3 

Key Terminology Used in the Study 6 

The Questions of tl^e Study and Their 

Significance 

2 REVIEW OF RELATED LITERATURE 

Part I: Problem Solving 

Mathematical Problem Solving Performance 16 
Cognitive Factors and Mathematical 

Problem Solving . ; • 

Mathematical Problem Solving and Sex- 

^^lated Factors 

Noncognitive Factors and Mathematical 

Problem Solving o ^8 

Concluding Remarks 20 

Part II: Attitudes ^0 

The Nature of Attitudes 21 

The Measurement of Attitudes 22 

Attitudes Toward Mathematics of 

Elementary School Students 26 

Elementary Teachers and Attitudes 

Toward Mathematics 28 

Teacher Attitude as Related to Student 

Attitude and Achievement 29 

Sex Differences in Attitude Toward 

Mathematics 31 

Student and Teacher Attitudes as Related 

to Curriculum Materials 33 

Concluding Remarks 34 

vii 



^ 8 



Part III: Attitudes Toward Problem 

Solving 

Recommendations Related to Problem 

Solving Attitudes 

A Problem Solving Attitude Scale for 

College Students 

A Brazilian Study of Problem Solving 

Attitudes 

A Problem Solving Inventory for Children. 
Concluding Remarks to the Chapter 

DESIGN OF THE STUDY 

The Idea and Background for the Study. . . . 

The General Design of the Study 

The Questions and Procedures for Part I. . . 

The Sample 

The Procedures 

The Questions and Procedures for Part II 

of the Study 

The Sample 

The Procedures 

Concluding Remarks 

THE INSTRUMENTS OF THE STUDY 

The Mathematical Problem Solving Test. . . . 
The Student Mathematical Problem Solving 

Attitude Scale 

Introduction 

The Construction of the Scale 

The Pilot Test 

The Item Analysis .... 

The Revised Scale . 

Concluding Remarks 

The Teacher Mathematical Problem Solving 

Attitude Scale 

The Construction of the Scale 

The Pilot Test 

The Item Analysis 

The Revised Teacher Scale 

Concluding Remarks . . , « . 



9 

viii 



Chapter 



page 



THE CONDUCT OF THE STUDY '^^ 



70 
71 



Part I of the Study 

The Sample * 

The Procedures 

Part II of the Study 

The Sample 

The Procedures. . - , '-^ 

Concluding Remarks 



ANALYSIS AND INTERPRETATION OF THE DATA ... - 79 



79 
79 
89 
93 



Analysis and Interpretation of the Data 

for Part I * 

Data for Question 1 

Data for Question 2 

Data for Question 3 ; . . - . 

Data for Question A 

Exploratory Analyses for Question 4 . - . 105 

Data for Question 5 

Exploratory Analyses for Question 5 - - - 

Concluding Remarks 

Analysis and Intepretation of the Data 

for Part II 

Data for Question 6 

Data for Question 7 

Concluding Remarks 

CONCLUSIONS AND RECOMMENDATIONS 130 

Summary of the Study . - ^^O 

Limitations of the Study * ^32 

Conclusions of the Study 134 

Question 1- . 

Question 2. . . ■ 

Question 3 

Question 4 

Question 5 

Question 6 r • 

Question 7 

Concluding Remarks . . • 1^2 

Implications of the Study and 

Recommendations for Future Research . . . 143 

Student Problem Solving Attitudes .... 143 

Teacher Problem Solving Attitudes .... 145 



134 
135 
136 



ix 

10 



Chapter . Page 

Student Problem Solving Peformance. . . . 145 
Student Problem Solving Attitudes 

and Performance 147 

Teacher Problem Solving Attitude as 

Related to Student Problem Solving 

' Performance -1-48 

Cause and Effect Relationships Between 

Teacher Attitude and Student 

Attitude and Performance 148 

Concluding Remarks 150 

REFERENCES 151 

APPENDIX A: DEVELOPING MATHEMATICAL PROCESSES: TOPICS 

1-65 168 

APPENDIX B: MATliEMATICAL PROBLEM SOLVING TESTS ^ 178 

APPENDIX C: PILOT TEST MATERIALS FOR ATTITUDE SCALES. . . 218 

APPENDIX D: MATHEMATICAL PROBLEM SOLVING ATTITUDE SCALES. 257 

APPENDIX E: ITEM ANALYSES FOR ATTITUDE SCALES 300 

APPENDIX F: SCATTER PLOTS FOR QUESTION 5 . 308 



X 11 



LIST OF TABLES 



Table 



page 



4.1 Internal Consistency Reliabilities for 

Pilot Attitude Scale (N = 51) 64 

5.1 Characteristics of the Sample for the Study . . 72 

6.1 Scoring for the Student Mathematical Problem 

Solving Attitude Scale 81 



6.2 Mathematical Problem Solving Attitude Scores . 

6.3 Mathematical Problem Solving Attitude Scores of 
Students Categorized by Sex (N = 619) 

6.4 Mathematical Problem Solving Attitude Scores of 
Students Categorized by Program Type: DM? 
Versus Non-DMP (N =619) 

6.5 ANOVA for Part I Attitude 

6.6 ANOVA for Part II Attitude 



6.7 



6.8 Mathematical Problem Solving Attitude Scores 
of Students Categorized by Sex Within Program 
Type 

6.9 Scoring for the Teacher Mathematical Problem 
Solving Attitude Scale 



6.12 Hoyt Reliabilities of K thematical Probleii 

Solving Test for DMP and Non-DMP Samples . 



82 
85 

81 
86 
86 



ANOVA for Total Attitude 87 



88 



90 



6.10 Mathematical Problem Solving Attitude Scores 

of Teachers in Sample (N = 30) 91 

6.11 Mathematical Problem Solving Attitude Scores 
of Teachers by Type of Program Taught: DMP 

Versus Non-DMP 91 



94 



6.13 Mathematical Problem Solving Performance 

Scores of Students (N 611) 94 



ERLC 



xi 



12 



Table P^g^ 

6.14 Mathematical Problem Solving Scores of 

Students Categorized by Sex. . . . • • 96 * 

6.15 Mathematical Problem Solving Scores\of 

Students Categorized by Program Type 97 « 

6.16 ANOVA for Comprehension Scores 98 

6.17 ANOVA for Application Scores 98 

6.18 ANOVA for Problem Solving Scores 98 

6.19 Mathematical Problem Solving Scores of 
Students Categorized by Sex Within Program 

Type 100 

6.20 Correlation Matrix for Students' Mathematical 
Problem Solving Attitudes and Mathematical 

Problem Solving Performance (N = 579) - 103 

6.21 Correlations Between Student Attitude Scores 
and Student Problem Solving Scores Classified 

by Sex 10^ 

► 

6.22 Correlations Between Student Attitude Scores 
and Student Problem Solving Scores Classified 

by Program Type . . . 106 

6.23 Mathematical Probl'^m Solving Scores of 
Students in High (N = 15) and Low (N = 91) 

Clusters 107 

• 

6.24 Mathematical Problem Solving Attitude Scores 
of Students in High (N = 13) and Low (N = 82) 
Clusters ^ . . . 108 

6.25 Correlations Between Student Attitude Scores 
and Student Problem Solving Scores Within 

High and Low Clusters 109 



xii 

13 



Table , P^S^ 

6.26 Teacher Attitude Scores and Mean Student 

Problem Solving Scores by Class HI 

6.27 Correlations Between Teacher Mathematical 
Problem Solving Attitude and Mean Student 
Mathematical Problem Solving Performance .... 112 

6.28 Correlations Between Teacher Mathematical 
Problem Solving Attitude and Mean Mathematical 
Problem Solving Performance: Boys Versus 
Girls 



6.31 Correlations of Teacher Attitude and 

Student Problem Solving Performance at 
Time 2 



112 



6.29 Correlation Between Teacher Mathematical 
Problem Solving Attitude and Mean Student 
Mathematical Problem Solving Performance: 

DMP Versus Non-DMP 

6.30 Descriptive Statistics for Teacher Attitude 

and Student Performance at Time 1 and Time 2 . . 119 



120 



6.32 Cross-lagged Correlations: Time 1 Teacher 
Attitude with Time 2 Student Performance (^^2^ 
and Time 2 Teacher Attitude with Time 1 
Student Performance (^2^^) 

6.33 Cross-lagged Correlations fpr Boys Versus 
Girls: Time 1 Teacher Attitude with Time 2 
Student Performance (^12^ and Time 2 Teacher 

Attitude with Time 1 Student Performance (^2^^) • ^24 

6.34 Descriptive Statistics for Teacher Attitude 

and Student Attitude at Time 1 and Time 2. . . . 126 

6.35 Cross-lagged Correlations: Time 1 Teacher 
Attitude with Time 2 Student Attitude (^^^2^ 
and Time 2 Teacher Attitude with Time 1 

Student Attitude (r2j^) 127 



Xlli 



14 



0 



Table pag 



6.36 Cross-lagged Correlations for Boys Versus 

Girls: Time 1 Teacher Attitude with Time 2 

Student Attitude (^^^^ ^ Teacher 

Attitude with Time 1 Student Attitude (^2^^) • • 128 



LIST OF FIGURES 

Figure page 

2.1 A Schematic Conception of Attitudes 23 

3.1 The Design of the Study * . . . 44 

3.2 Schematic Conception of Cross-lagged Panel 
Correlation 49 

3.3 3chematic Conception of Cross-lagged Panel 
Correlation . 50 

4.1 Example of a Three-part Item from the 
Mathematical Problem Solving Test 54 

4.2 Example of a Three-part Item from the 
Mathematical Problem Solving Test ....... 56 

4.3 Example of a Mathematical Problem Solving 

Attitude Item with "happy/sad faces" Format . . 61 

4.4 Example of a Mathematical Problem Solving 

Attitude Item with Modified Likert Format ... ^2 



XIV 



15 



ABSTRACT 

The purpose of this study was to investigate the relation- 
ships between the mathematical problem solving performance of 
fourth-^rade children, their attitudes toward mathematical problem 
solving, their teachers' attitudes toward mathematical problem 
solving, and related sex and program-type differences. 

Three instruments were used to gather data. The 22-item 
mathematical problem solving test (Romberg & Wearne, 1976) provides 
a measure of comprehension, application, and problem solving for 
each item. The 36^item student mathematical problem solving atti- 
tude scale and the similar AO-item teacher scale have Ukert-type 
formats and' were developed by the investigator. 

During the fourth month of the 1975-76 school year data were 
gathered for Part I of the study from 30 fourth grade classes in 
13 southern Wisconsin schools. Fifteen of the classes were using 
Developing Mathematical Processes (DM?) ; the remaining 15 were 
using standard mathematics textbook series. 

Both students and teachers possessed favorable mathematical 
problem solving attitudes. The DMP students performed significantly 
better than non-DMP students on the fir.-^t two parts of the problem 
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solving test; no significant differences in performance' were observed 
on the third part. Rather stable and significant positive corre- 
lations were found between student problem solving .performance and 
student problem solving attitude. Significant negative correlations 
found between DMP teacher problem solving attitude and mean student 
performance were judged an artifact of the non-random sampling /6f. 
classes for the study. No significant sex-related differences were 
found in any of the data. 

The design of Part II of the study was based on the cross- 
lagged panel correlational technique of Campbell and Stanley (1963).^ 
During the seventh month of the 1975-76 school year the 15 DMP 
classes participated in a second round of problem solving testing. 
An intervening "treatment" period between the first and second 
testing times Involved instruction in selected DMP topics. Part II 
attempted to determine the directioji of effect between teacher 
problem solving attitudes and student problem solving attitudes 

and performance. 

Cross-lagged panel correlations indicated that initial student 
performance seemed to have a greater effect on finat teacher attitude 
than initial teacher attitude had on final student performance. 
However, initial teacher attitude seemed to have a greater effect 
on final student attitude than initial student attitude had on 
final teacher attitude. 
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Chapter 1 
INTRODUCTION 



One of the goals of education in a democratic society is to 
produce citizens capable of intelligent, independent thought. 
Citizens must be able to tackle, cope with, and see problems 
through to reasonable, if not logical, solutions. Educators 
continually strive to achieve that goal within their respective 
disciplines. In elementary and secondary mathematics education 
in the United States, the attainment of that goal has been 
bolstered by a large and sustained curriculum reform effort 
during the past two decades. This curriculum reform movement 
has included a number of experimental programs concerned with 
the development of new methods of teaching mathematics. Under- 
lying both the curriculum reform efforts and the teaching 
experimentation has been the belief that mathematics is not 
something which is .passively learned, but is something which 
people do. Specifically, mathematics is chiefly concerned 
with the solving of a large variety of problems. 

The investigation of problem solving, and of related and 
influencing factors, has occupied a great deal of the time 
and energy of educational researchers. Many variables have 
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been presumed to be related to the activity necessary for success in 
solving problems. Among these variables are attitudes, values, 
interests, appreciations, adjustments, temperament, and personality 
(Stern, 1963). Tliese variables often have been termed noncognitive 
to contrast them from those associated with measures of intelligence, 
aptitude, achievement, or performance which, typically, are referred 
to as cognitive variables. The purpose of the study reported in 
this paper was to investigate the relationships between selected 
noncognitive factors and the mathematical problem solving performance 
of fourth grade children. 

Of the vast number of psychological investigations which have 
studied problem solving, only a small number have concentrated on 
mathematical problem solving. Kilpatrick (1969) has remarked that 
the topic of mathematical problem solving has not been investigated 
systematically. A close examination of the problem solving research 
in elementary school mathematics shows a diversity of types of 
investigations and conflicting results (see Riedesel, 1969; 
Suydam, 1967; Suydam & Weaver, 1971-75). 

However unsystematic their methods of attack, researchers 

continue to investigate problem solving for a variety of reasons. 

Dodson (1972) summarizes some of these reasons: 

Appropriately, then, researchers have been stimulated 
to investigate problem solving to gain a better under- 
standing of the nature of effective problem solving, 
to determine the effects of problem solving on student 
attitudes, to find methods for improving problem-solving 
ability, to learn more about how problem-solving ability 




I 



is acquired and how the cognitive processes are involved 
and to determine the correlation of student characteristics 
and classroom characteristics with the ability to. solve" 
problems [p- 2] . 

The study reported here was directed toward several of these purposes 
noted by Dodson and is one in a series of closely related problem 
solving investigations undertaken at the University of Wisconsin 
(see Zalewski. 1974; Meyer. 1975; Schonberger. 1976; Wearne. in 
preparation) . 

The Nature of the Problem 
Because the development of pupils' ability to solve problems 
is one of the primary ' goals of elementary mathematics instruction, 
'educators continue to seek information about the nature of this 
ability; it has commonly been assessed by students' achievement 
on written problem solving tests. Clues regarding those noncognitive 
factors which many influence problem solving performance may be 
obtained by examining some of the factors thought to influence 
overall mathematics achievement. 

First, students' attitudes toward a school subject are thought 
to affect their achievement in that subject. Likewise, educators 
believe that teachers' attitudes toward a subject can influence 
their students' attitudes and achievement in that subject. Research 
findings have sometimes been inconsistent and inconclusive in these 
areas, but, typically, show the existence of low, positive cotrelations 
between student and teacher attitudes toward mathematics arid student 
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achievement in mathematics (^ee Garner, 1964; Torrance, 1966; 
Wess, 1970; Phillips, 1973). These results also pose the some- 
what traditional problem of cause and effect. Do teachers' 
attitudes cause student attitudes, or is the effect, perhaps, in 
the other direction? 

Just as an individual's overall mathematics achievement 
consists of a composite of his or her achievement in several areas, 
a reasonable conjecture is that a student's attitude toward mathe- 
matics is a composite of certain aspects of mathematics such as 
computation and problem solving. But researchers have tended to 
use single, global measures of attitude toward mathematics rather 
than investigating attitude toward only one phase of the discipline. 
Lindgren, Silva, Faraco, and Da Roeha (1964) did use a measure of 
problem solving attitude, but correlated the attitudinal results 
only with arithmetic achievement and not with problem solving 
performance. The study reported here examined the relationships 
between measures of both student and teacher problem solving atti- 
tudes and student performance in mathematical problem solving. 

Though research findings are varied, there is evidence to 
suggest the existence of sex-related differences in mathematics 
achievement.. In a recent review of literature, Fennema (1974) 
concluded that no significant differences between boys* and girls' 
mathematics achievement are found during the early elementary school 
years; however. In the upper elementary school years significant 
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differences are sometimes found and tend to favor boys when higher 
level cognitive tasks are measured. In a recent investigation of 
selected cognitive factors and problem solving, Meyer (1975) found 
no significant sex-related differences among fourth grade students 
on any of the three parts of the problem solving test used in her 
study. Another study by Schonberger (1976) investigated sex- 
related differences in seventh-graders' performance on tests of 
visual spatial abilities and mathematical problem solving. Schonberger 
found significant differences favoring boys on one problem solving 
subtest of three administered. These varied findings suggested 
investigating sex differences as an influencing factor'in the pre- 
sent study of mathematical problem solving performance and attitudes 
and suggested that the study be conducted with upper elementary 
school students. In addition, some attitudinal research, suggests 
that attitudes toward mathematics are formed during the intermediate 
grades (Fedon, 1958; Stright, 1960; Callahan, 1971). Therefore, 
fourth grade students and teachers were judged to be appropriate 
subjects for the study. 

Whenever an emerging curriculum product begins to receive 
widespread implementation in schools, the developers of that 
product become interested in the comparative learning effects of 
their product with existing products. For a number of years, 
the Analysis of Mathematics Instruction Project at the 'University 
of Wisconsin Research and Development Center for Cognitive Learning 
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has been developing a new elementary mathematics program called 
Developing Mathematical Processes (DMP) (Romberg, Harvey, & Moser, 
1974, 1975, 1976). The DMP program is research-based and utilizes 
an activity-oriented approach to the teaching and learning of 
mathematics in grades K-6. One of the basic goals of DMP Is the 
development of mathematical problem solving skills and processes. 
As a DMP staff member, the author has worked in recent years vjith 
a number of teachers and students in DMP schools and has been 
impressed by the manner in which DMP students attack problems and 
by the positive affect which both students and teachers seem to 
possess with regard to the DMP program (Montgomery & Whitaker, 1975). 
Therefore, the sample for this study involved students and teachers 
who had participated in the large-scale field test of DMP- And, 
for program comparative purposes, a non-DMP sample of students and 
teachers was included in the study. 

Key Terminology Used in the Study 
The rather complex nature of the concepts of problem solving 
and attitude necessitates that each be defined in a manner which 
adequately characterizes the concept. At the same time," the 
defini-tion must permit a reasonable and practical means of 
assessing the concept. 

Thus, for this study, a problem is a situation which presents 
an objective that an individual is motivated to achieve, but for 



23 



which he has no immediate procedures to arrive at that objective, 
(Zalewski, 1974). The situation in each problem is mathematical 
in nature. Problem sblving is the process of analyzing a situation 
posed in a problem, producing a procedure for solving the problem, 
using that procedure, and achieving a solution to the problem. 
Mathematical problem solving performance is represented by a score 
on a mathematical problem solving test. 

Because of the complexity of the attitude construct .researchers 
seldom talk about "measuring an attitude." Rather, they use pro- 
cedures to measure a particular property of an attitude, such as 
direction, magnitude, or intensity (Scott. 1968). As used in this 
study, the term attitude is the predisposition of an individual to 
evaluate some symbol or object or aspect of his world in a favorable 
or unfavorable manner (Katz. I960). In particular, attitude towar d 
problem solving is the predisposition of an individual to evaluate 
factors related to mathematical problem solving in a rel#4:ively 
favorable or' unfavorable manner and is represented by a score on 
an attitude scale. 

The Questions of the Study and Their Significance 
Brownell (1942) called a problem solving attitude a desirable 
educational outcome, and something possible of development. Several 
years later Carey (1958) found that it is possible to develop an 
Instrument to measure attitudes toward problem solving. The first 
two questions that this investigation was designed to answer pertain 
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to the kinds of , attitudes possessed by the subject'^ of the study. 

Questions ancillary to the main questions of the study are included 

in italics immediately following each numbered question. 

Question 1 ; Do fourth grade students have favorable attitudes 
toward problem solving? 

Do differences in attitude toward problem solving 
exist if students are classified by sex? 

Do differences in attitude toward problem solving 
exist if students are classified by mathematics 
program type: DMP versus non-DMP? 

Question 2 ; Do fourth grade teachers have favorable attitudes 
' toward problem solving? 

A 

Do differences -in attitude toward problrm solving 
exist if tcachevr. /ire classified by type of 
mathematics program taught: DhiP versus non-DMP? 

Since attitudes are generally regarded as learned predispositions 

of an individual to evaluate some symbol or object or aspect of his 

world in a favorable or unfavorable manner, it is reasonable to 

assume that those who have a strong influence on an individual will 

help mold his attitudes. Therefore, before further analyses could 

be undertaken in the present study, it was necessary to determiae 

the problem solving attitudes of both the students and teachers who 

participated in the study. Mathematics educators desire that students 

and teachers hold favorable attitudes toward all phases of the school 

program, and so the findings of the study with regard to this question 

lieip to determine if such is the case. If differences in attitude 

exist according to sex of the students or type of program studied, 

then these findings suggest a basis for future investigations into 
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the causes of such differences. QMestions> and 7 of this study are 
designed to provide information regarding the di/fectional relation-, 
ships between problem solving attitudes and problem solving per- 
formance. 

Of major importance to three remaining questions of the study 
is the problem solving performance of the students in the study. 
Question 3 deals with that issue. 

. Question 3 ; How do fourth grade students perform on a test 
of problem solving performance which provides 
measures of comprehension, application, and 
problem solving? 

, differenaes in problem solving performanoe 
exist when students are classified by sex? 

Do differenaes in problem solving performance 
exist when students are classified by mathe- 
matics program type : BMP versus non-BMP? 

Heretofore, most tests of problem solving performance have 
provided a total score intended to reflect a measure of each student's 
ability to solve problems. However, single total scores are inadequate 
when attempting to explain the reasons why some students are successful 
at solving a set of problems and others are not. For example, single 
total scores cannot identify those students who are able to compre- 
hend the information given in a problem, but who are unable to apply 
the infomation and thence solve the problem; nor can single total 
scores identify those students who comprehend and apply the information 
but do not complete the solution of the problem. The problem solving 
test used in this study was designed to overcome such inadequacies 
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s, 1976). It prWic 



(see Romberg & Wearrie, 1976). It proATLdes a measure of comprehensiort, 
application, and problem solving for each item included in the instru- 
ment,^ Because of the unique design of this test, it is possible to. 
identify, with some degree of accuracy, those students who are 
problem solvers and those who are not problem solvers. As students' 
problem solving performance is examined, the existence of sex-relafred 
differences provides information valuable for future research in- 
•vestigations regarding catusation. Program-related differences provide 
evidence upon which to base conclusions regarding the desirability 
of alternative programs of instruction and also provide clues re- 
garding potential program-specific experimentation. Differences ^ 
of either type contribute to a better undersftanding of the nature * 
of factors which influence prob?.em solving performance. 

Merely assessing attitudes toward problem solving is 4n in- 

0 

sufficient rationale to justify an extensive research investigation 

unless there is some reason to suspect that these attitudes ar^ 

related to performance. The fourth and fifth questions of the 

study pertain to that relationship. --v 

Question 4 : What is the relationship between fourth grade 
students' attitudes toward problem solving 
and their performance in problem solving? 

. Do differences in this relationship exist if 
students are classified by sex? 

Do differences in this relationship exist if 
students are classified by mathematics progratn 
type: BMP versus non-DMP? 
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Question 5 ; What is the relationship between fourth grade 
teachers' attitudes toward problem solving 
and their students' performance in problem ^ 
solving? 

Do diffevenoes in this relationship exist if 
students are classified by sex? 

' Do diffevenoes in this relationship exist if 

students are classified by mathematics program 
type: DMP versus non-DMP?^ 

As noted earlier, research findings generally have indicated 
low positive correlations between teacher and student attitudes 
toward mathematics and students' performance in mathematics at the 
elementary school level. However, past studies have not examined 
the relationship between attitude' and performance in a single phase 
of the mathematics curriculum such as problem solving. The findings 
of this study with regard to Questions 4 and 5 provide insights into 
these relationships. If problem solving attitudes and problem solving 
performance are highly related, then research into other specific 
phases of the curriculum is mandated; for example, an investigation 
of the relationship between performance in computational skills and 
attitude toward computation. If sex difference's exist in this 
relationship; that information provides clues for future experiments 
regarding causation. The existence of program-related differences 
provides clues regarding program effectiveness in the areas of 
problem solving performance and problem solving attitudes. 

A rather generally held belief among educators is that teacher 
attitude and effectiveness in a particular subject are important 
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determiners of student attitudes and performance in that subject*, 

(Aiken, 1969). However, research findings pertaining to this 

belief have not been definitive. The last two questions of th^- 

study are directed at this cause-effect relationship: 

^Question 6 : Do fourth grade teachers' attitudes toward 
problem solving affect their students' 
problem solving performance or is the 
effect of the opposite nature? 

Do differences exist when students are 
classified by sex? 

Question 7 : Do fourth grade teachers' attitudes toward 
problem solving affect their students' 
attitudes toward problem solving or is the 
effect of the opposite natute? 

Do differences exist when students are 
classified by sex? 

The findings of the study relative to Questions 6 and 7 contribute 
to the extant knowledge regarding the relationships between 
attitudes and performance. There is reason to suspect that 
students' attitudes and performance might well affect teachers' 
attitudes, instead of the relationship being only in the other 
direction' It is important, then, to gain information on ^hich 
s6urce~the teacher or the student — has the greater effect on 
the other's attitude and performance. Simple correlational 
procedures cannot answer this question. However, the cross- 
lagged panel correlational technique (Campbell & Stanley, 1963) 
used for this part of the study provides information, regarding the 
direction of the relationship between problem solving attitudes 
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•and performance. If answers to the ancillary queries related to 
Questions 6 and 7 are significantly different for the two sexes, 
this evidence suggests the need for further research regarding 
causes of such differences. 

The answers to the questions of the study can provide educators 
with additional inforination concerning the relationships between 
students' attitudes and performance in mathematical problem solving 
and the attitudes- toward, problem solving of their teachers. Addition- 
ally, findings of sex-related differences can contribute to the 
growing body of knowledge regarding such differences in the learning 
and teaching of mathematics. The existence of program-related 
differences may suggest a need for modifications in existing 

eltementary mathematics programs with respect to content and 

1 

meithodology. In any event, the findings of the study contribute 
to a better understanding of the nature of the problem solving 
process. I . 

The research literature related to the study is discussed 
in 'the next .chapter . Chapter 3 describes the design of the study, 
and Chapter 4 discusses the constuction and pilot test of the 
instruments used in the study. Chapter 5 reports the conduct 
of the study, and the analysis and interpretation of the data 

i - . ' 

are! summarized in Chapter 6. The conclusions ^of the study are 

1 

giv^n in Chapter 7 along with recommendations for future research. 
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Chapter 2 
REVIEW OF RELATED LITERATURE 

The study reported in this paper ^^investigated the relation- 
ships between several curriculum vatiablejp at the elementary 
school level. The main variables of interest were the mathematical 
problem solving performance of fourth grade children, their mathe- 
matical problem solving attitudes, and the mathematical problem 
solving attitudes of their teachers. Ancillary variables weire 
sex of the student and type of mathematics program studied. This 
chapter will discuss the literature pertinent to the investigation 
and is divided into three parts. First, an overview of relevant 
problem solving literature is given. This is followed by a 
discussion of attitudinal research, and the chapter ends with 
a section that summarizes those studies which have particular 
significance for an investigation of mathematical problem solving 
performance and mathematical problem solving attitudes. 

Part I: Problem Solving 
Human beings spend a great deal of their time in the activity 
known as problem solving, and so it is not surprising that In- 
vestigations, of problem solving have occupied the time and energy 
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of psychologists j educators, and mathematicians for many years, > 
Investigators have examined the many facets of problem solving, 
including solution styles and processes, problem types, internal 
and external conditions, and factors affecting problem solving 
performance. Some individuals have proposed formal models for 
problem solving (see Polya, 1943; Hadamard, 1945; Gagne, 1966). 
Comprehensive general reviews of problem solving theory and research 
by Davis (1966) and in the volume edited by Kleinmuntz (1966) attest 
to the large number of problem solving investigations which have 
been conducted. 

Unfortunately, a great deal of the research conducted in the 
name of problem solving has been inconclusive, and the results are 
.difficult to snythesize- Lucas (1972) cites some of the difficul- 
ties which are encountered as past problem solving research is 
analyzed : 

Consequently, the pertinent literature of psychology and 
education is replete with semantic ambiguities, isolated 
task situations, inferences from observables to unobservables, 
lack of consolidation of research effort, and a host of other 
characteristics which serve to retain in a somewhat primitive 
state a field which has been considerably researched. This 
±s not to deplore the existing state of research on problem 
solving, but rather to point out that the complex nature 
of the subject practically demands that progress occur 
most frequently by small steps and only occasionally by 
giant leaps [pp. 6-7]. 

Lucas also includes a comprehensive review of problem solving 

research and theory in his study. 

In the sections which follow, no attempt is made to report 

in detail the results of the studies cited nor to be exhaustive 
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in the studies cited. Rather, the intent was to select from the 
plethora of problem solving investigations those studies which 
are indicative of the wide variety of variables studied. 

Mathematical Problem Solving Performance 

Published reviews by Suydam (1967), Kilpatrick (1969), 
Riedesel (1969), and Suydam and Weaver (1971-75) verify the fact 
that a significant number of mathematical problem solving studies 
have been conducted. A number of researchers have investigated 
mathematical problem solving as a process (see Kilpatrick, 1967; 
Lucas, 1972; Zalewski, 1974; Loomer, 1976). But most studies 
reported .in the research literature are investigations of problem 
solving as a product; this type of problem solving is commonly 
referred to as verbal problem solving, that is, the solving of 
collections of one- or two-step mathematics problems similar to 
those found in textbooks. 

In the present study mathematical problem solving was of 
Interest both as a process and as a product. "The problem solving 
process was of interest in the design of the student and teacher 
problem solving attitude scales. And problem solving as a product 
was of interest as students' mathematical problem solving perfor- 
mance w^ assessed and 1 examined. The means of assessing the 
problem solving performance in the present study, however, was* 
un^like that used in previous investigations. The mathematical . 
problem solving test used in the study will be described 'in 
Chapter 3. 
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The varied means by which" mathematical problem solving per- 
formance has been assessed .in the past contributes to the dilemma 
which arises when comparing the results of research efforts • 
However, with that fact in mind, the next three sections summarize 
pertinent studies which have attempted to relate one or more 
instructional variables to mathematical problem solving performance. 

Cognitive Factors and Mathematical Problem Solving 

Since it is impossible to review all studies relating various 
cognitive factors and students' mathematical problem solving per- 
formance, representative examples are included here to indicate 
the diversity of both variables and findings.. Computational 
ability is significantly related to problem solving ability in 
mathematics (Hansen, 1944; Alexander, 1965; Chase, 1960), and 
so is the ability to analyze problems (Keller, 1939; Alexander, 
I960)- Other factors found to be significantly related to problem 
solving performance are problem recognition (Harootunian & Tate, 

1960), and knowledge and understanding of mathematical terms 

I 

(Erickson, .1958; Lyda & Duncan, 1967), As might be suspected, 
the literature doe^s yield evidence of a significant relationship, 
between intelligence and problem solving ability (Engelhart, 1932; 
Alexander, 1960; Chase, 1960) and between reading ability and 
problem solving performance (Engelhart, 1932; Treacy, 1944; 
Harootunian & Tate, 196Q) . • 
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Mathematical Problem Solving and Sex-related Factors 

Researchers have investigated the difference between the problem 
solving performance of boys and girls, but the results of the in- 
vestigations must be deemed inconclusive; some offer evidence 
that boys are superior to girls in problem solving ability (Neill, 
1967; Sheehan, 1968), while others contend that there 'is' no significant 
difference between the problem solving abilities of the two sexes 
(Cleveland & Bosworth, 1967; Farr, 1969). One investigator (Neill, 
1967) found that better problem solving performance occurred for 
students with men teachers than for those with women teachers. 

In a study which will be described in morfe detail later in 
this chapter, Carey (1958) concluded that when females' attitudes 
toward problem solving are modified in a more favorable direction, 
they make significant gains in problem solving performance. In a 
more recent study, Schonberger, (1976) found significant differences 
favoring boys on one problem solving subtest of three administered 
in her investigation of spatial abilities and problem solving 
performance. Meyer (1975),. in a factor-analytic study of selected 
factors and problem solving performance, found no significant 
sex-related differences among fourth grade students on any of the 
three subscales or the total scale of problem solving performance 
used in her study. 

Non cognltive Factors and, Mathematical Problem Solving 

Certain noncognltive factors, notably attitudes, anxiety, 
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interests, personality, and" familial characteristics, have begun to 
receive more attention in research investigations related to mathe- 
matics achieveinent. Though there is an acknowledged interdependence 
between cognitive and npncognitive variables, the discussion here 
will deal primarily with variables not explicitly measured by tests 
of ability and their relationships to problem solving performance. 
Some studies cited below investigated the relationships between non- 
cognitive factors and mathematical achievement, rather than problem 
solving performance per se; however, mathematical achievement is 
measured in part by problem solving subtests, and so the studies 
have relevance for the present discussion. 

Cleveland and Bosworth (1967) and Neufeld (196 8) found that 
mathematics achievement was associated with a sense of personal 
worth, freedom from withdrawal tendencies, freedom from anti- 
social tendencies, social skills, and social standards. Jonsson 
(1965) reported that problem solving performance of highly anxious 
students was detrimentally affected by increasing the difficulty 
of test problems on the second of two tests. In an international 
ptudy, Husen (1967) found that achievement in mathematics was 
positively correlated at all levels, both within and between 
countries, with interest in mathematics. The effect of socio- 
economic status on students' problem solving ability has not 
been- clearly established; Cleveland and Bosworth (1967) and 
Husen (1967) claimed that high achievement is associated with 
high socio-economic status, while Karas (1964) and Alexander . 
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(1960) concluded that no significant relationship exists between 
the two variables. 

Researchers have also investigated the relationship between 
problem solving ability and certain environmental variables, 
such as teaching experience (Hurst, 1968), graduate training 
of teachers (Leonhardt, 1963), student grades in school subjects 
and deportment (Morton, 1928). However, little or no consensus 
is reached on the significance of these variables to problem 
solving ability. 

Concluding Remarks 

The inconclusive or conflicting nature of research on those 
factors which influence problem solving performance documents 
the need for additional research studies. In particular, the two 
attitudinal factors examined in the present study have not been 
studied simultaneously with each other or with mathematical problem 
solving performance; hence, the results of this investigation 
contribute to an area in which research evidence has been in- 
conclusive. The next section of this chapter, is an overview of 
the literature related to the investigation of attitudes.^ 

Part II; Attitudes . 

For many years the concept of attitude has been considered 
a subject suitable for study by psychologists. Allport (1967) 
credits Thomas and Znaniecki (1918) with instigating the study 
of the concept when they analyzed the lives of Polish immigrants 
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to the United States. Wagner (1969) indicates that the value of 
attitudinal studies lies in the implications which such investi- 
gations possess for the analysis of complex human behavior. Both 
the psychological and education^^literature are replete with 
attitudinal studies varying considljrably in research design, in 
methodology, and in conclusions and implications for a clearer 
understanding of the concept. The next several paragraphs of 
this section discuss the nature of attitudes. 

The Nature of Attitudes 

Though numerous definitions of attitude have been advanced 
(see Allport, 1967), most indicate that an attitude is a learned 
state of readiness, a predisposition to react in a particular way 
toward certain stimuli. Important to any study of attitudes is 
the idea that an attitude involves both cognitive and noncognitive 
components-- that is, both beliefs and f eelings—aijid , to some 
extent, a behavioral component. A student's attitude toward 
mathematics is, for example, a composite of intellectual appre- 
ciation for the subject coupled with emotional and behavioral 

reactions to it. 

In a condensation of recent theoretical formulations about 
the nature of attitudes, Scott (1968) suggests tha. the concept 
has, perhaps, 11 variable properties: direction, magnitude, 
intensity, ambivalence, salience, affective salience, cognitive 
complexity, overtness, embeddedness , flexibility, and donsciousiiess. 
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Of particular importance to the assessment of attitufies toward a 
school subject area, such as mathematics, are the dimensions of 
^direction (Does the individual generally like or dislike mathe- 
matics?) and intensity (How strongly does the individual feel about 
this attitude?) 

The variable properties suggested by Scott are in keeping 
with the attitudinal theory espoused by Rosenberg and Hovland 
(I960). This theory s^uggests that an attitude consists of affec- 
tive, cognitive, and behavioral components. A schematic conception 
of the Rosenberg and Hovland model is presented in Figure 2.1. 
This model provides a conceptual ' framework for organizing a study 
of attitudes such as that undertaken in the present investigation. 
In this study the measurable independent variable or stimulus is 
that of mathematical problem solving; the Intervening variable is 
attitude toward mathematical problem" solving, which has a subsequent 
relationship to an individual's affect, cognition and behavior; 
and the measurable dependent variables are verbal statements per- 
taining to an individual's affect, beliefs, and behavior with 
respect to mathematical problem solving. 

With a conceptual framework for a study of attitudes 
established, the next area of concern is that of measurement of 
the attitude. The next several paragraphs discuss that issue. 

The Measurement of Attitudes 

A i.ur^ber of techniques are available to measure attitudes. 
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Figure 2.1. A schematic conception of attitudes. 
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Corcoran and Gibb (1961) describe several of those used to measure 
attitudes toward mathematics, including questionnaires, attitude 
scales, incomplete sentences, protective pictures^ essays, obser- 
vational methods, and interviews. Of thes^ techniques, perhaps 
the most widely used are the attitude scales. The most popular 
types of scales are described below. 

A Thurstone attitude scale consists of a series of statements 
representing all degrees of opinion. The respondent indicates ' ^" 
with which statements he agrees. Each statement is assigned a 
scale value, -ranging from 0.0 for the most extreme statement 
possible in the' negative direction, through 5.5 for neutral 
statements, to 11.0 for the most extremely favorable statement 
possible. The score for each respondent is the mean scale value 
of the statements checked. After the scores have been determined 
for each respondent, a frequency distribution can be plotted for 
the attitudes, of any particular group (Thurstone, 1928). 

As a result of their work in experimental semantics, Osgood, 
Suci, and Tannenbaum (1957) have developed an approach and ^ 
rationale for attitude measurement' known as the semantic 
differential. It is an attempt to obtain an indication of the 
overall feeling held by a group about a concept. Their technique 
uses bipolor adjective scales which form a continuum with positive 
to negative connotation. The respondent indicates his degree of 
feeling about the fated object by cheeking an appropriate 
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, • ' . descriptive term along the continuum. The semantic differential 
aims at a generalized , feeling rather than a specific delineation 

of opinion. • ' , 

A Likert scale (Likert, 1932) resembles a simple questionnaire, 
except that more refined techniques of item selection improve the 
instrument. The scale is a series of statements, each either de- 
" ■ finitely favorable or definitely unfavorable to the object of the 
scale.. The respondent indicates reaction to each statement, 
•'usually on a five-point scale: strongly agree, agree, undecided, 
disagree', and strongly disagree. The responses are codfd 5, 4, 

3, 2, and 1, respectively, for favorable statements, and 1, 2, 3, 

4, and. 5, respectively, for unfavorable statements. A high score 
indicates a' favorable attitude, and a low score indicates an 
unfavorable attitude. Apart from its relative ease of construction, 
the Likert f caling technique was chosen for use in this study for 
two reasons. First, it gives more precise information about the 
respondent's degree of agreement or disagreement, thus contributing 
more information about the important attitudinal dimension of 
intensity. And second, it becomes possible to include items 
whose content is not obviously related to the attitude in 
question, so that the more' subtle ramifications of the attitude 
can be examined. 

Among other, but less popular, means of assessing attitudes 
are" biographical and essay studies (Campbell, 1950) and the 
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monitoring of galvanic skin responses of subjects (Cooper & Pollock, 
1959). Still other researchers argue for a multiple-indicator 
approach to attitude measurement (Cook & Selltiz, 1964), wherein 
an attitude is not measured directly, but is inferred from subjectgA^ 
behavior . 

Researchers have used a variety of techniques to assess 
attitudes toward mathematics, and a multitude of attitudinal 
investigations have been' conducted in the last twenty years in 
the field of mathematics education. Those dealing with elementary 
school students' attitudes toward mathematics are reviewed in the 
next section. 

Attitudes Toward Mathematics of Elementary School Students 

A number of attempts have been made to establish the relation- 
ship between attitude toward mathematics and pupil achievement in 
mathematics. Studies by Poffenberger and Norton (1969) and 
Shapiro (1962) found low positive correlations between the two v 
criteria. The results of the extensive National Longitudinal 
Study of Mathematical Abilities (NLSMA) suggested a rather stable 
pattern of positive correlations of mathematics attitude scores \ 
with both mathematics achievement scales and mathematics grades"^^ 
in each of the populations of the study (Crosswhite, 1972). On 
the other hand, studies by Antonnen (1967), Cleveland (1961), 
and Faust (1963) failed to support the belief that there is a 
positive correlation between attitude and achievement in 
mat hemat Ics. 
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Some reseachers have tried to link general intelligence with 
attitude toward mathematics. In a study with fourth-, fifth-., 
and sixth-grade students, Shapiro (1962) found that students with 
higher IQ had more positive attitudes toward mathematics. The 
NLSMA data suggested small but significant positive relationships 
between attitude scores and the general intelligence measures 
used in the study (Crosswhite, 1972). 

Some evidence exists to suggest that attitudes toward mathe- 
matics may be formed as early as the third grade (Fedon, 1958; 
Stright, 1960; Callahan, 1971), although these attitudes tend to 
be more positive than negative in elementary school (Stright, 1960). 
And, interestingly, there is also evidence of a decline from the 
third through the sixth grades in the percentage of students who 
express negative attitudes toward mathematics (Stright, 1960). 
Analyses of group means across grade levels in the NLSMA study 
indicated that student attitudes toward mathematics peaked near 
the beginning of th^. junior high grades (Crosswhite, 1972). 

At the elementary school level, attitude toward mathematics 
and achievement in mathematics are related to a number of person- 
ality variables', such as good adjustment, high sense of personal 
worth, greater sense of responsibility, high social standards, 
motivation, high academic achievement, and freedom from withdrawal 
tendencies (Naylor & Gaudry, 1973; Neufeld, 1968; Swafford, 1970). 
In addition, children with positive attitudes toward mathematics 
tend to like detailed work, to view themselves as more persevering 
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and self-confident (Aiken, 1972), and to be more "intuitive" than 
"sensing" in personality type (May, 1972). 

In a discussion about the role of attitudes in learning 
mathematics Neale (1969) observed that, when attitude scores are 
used as predictors of achievement in mathematics, a low but 
significant positive correlation is usually found. Neale 's 
claim is documented in research studies^by Moore (1972), Eyans 
(1972), and Mastantuono (1971) with students at the elementary 
school level. 

Elementary Teachiers and Attitudes Toward Mathematics 

Many of the studies on attitudes toward mathematics conducted 
in recent years have involved prospective teachers. This is not 
surprising, since students in pre-service courses are a convenient 
group from which to draw research samples. However, the attitudes 
of this group are very important because of the potential 
influence on pupils in the elementary schools. 

Dutton (1951) examined prospective teachers' attitudes toward 
arithmetic and discovered that an alarming outpouring of unfavor- 
able feelings toward arithmetic was expressed by 74 per cent of 
the 211 students surveyed. In a later study (1962), he found that 
38 per cent of prospective elementary teachers expressed dislike 
for arithmetic, and 38 per cent said they liked arithmetic fairly 
well, but' not enthusiastically. Reys and Delon (1968) reported 
that approximately 40 per cent of 385 elementary education majors 
whom they surveyed had unfavorable attitudes toward arithmetic. 
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Fortunately, the pre-service mathematics content and methods courses 
for prospective elementary teachers seem to have a positive effect 
on the improvement of attitudes toward mathematics (White, 1965; 
Gee, 1966; Wickes, 1968; Reys & Delon, 1968). 

An observation that is, perhaps, reasonable is that the attitudes 
of elementary teache,rs toward mathematics are typically less positive 
than those of secondary school niathematics teachers (Wilson et al. , 
1968). ^ Brown (1962) found that experienced teachers had more positive 
attitudes toward arithmetic and possessed a better understanding of 
the subject than did less experienced teachers, although the 
differences in attitudes and understanding were not significant. 
Todd (1966) found that a state-wide inservice course produced 
significant changes in attitudes toward arithmetic and in arith- 
metic understanding for the teachers who completed the course. 
Stright (1960) concluded that a large percentage of elementary 
teachers really enjoy teacfiing arithmetic and attempt to make 
the subject interesting; but the teachers' age, educational training, 
and years of teaching experience apparently had little effect on 
attitude toward teaching the subject'. 

Teacher Atttitude as Related to Student Attitude and Achieveme nt 

there is a general feeling among educators that teacher 
attitude and effectiveness in a particular subject are salient 
determiners of student attitudes and performance in the subject.. 
Several years ago, in a study that attempted to identify the 
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factors determining attitudes toward mathematics,. TPof fenfeerger 

* 

(1956) concluded that: 

The teachers who tend to affect students' attitudes and 
achievement positively have the . following characteristics: 
a good knowledge of the subject matter, strong interest in 
the subject', the desire to have students understand the 
material, and good control of the class without being 
overly strict [p. 116]. 

Though he identified certain characteristics that might affect 

attitude toward ma-theipatics , Poffenberger did not establish the 

relationship betueen the teacher influence and other factors that 

make up the learning environment of the student. 

At a conf£*rence on needed research in mathematics education 

held at the University of Georiga in 1967, Lowry commented as . 

follows: 

There are a number of research possibilities beyond those 
available, having to do with the effect of teacher prepar- 
ation, attitudes, adaptability, manher of presentation, 
etc., on student achievement and motivations in mathematics. 
The teacher component is so important that considerable 
effort should be placed on the study of the influence of 
various teacher characteristics on all outcomes of the 
learning situation [p- 119]. 

A number of studies have been conducted dealing with the influence 

of teacher characteristics on outcomes of the learning situation. 

The relationship between tt»acher attitude and student achievement 

in mathematics has been verified more often than has the connectio 

between teacher attitude and student attitude. 

A study by Torrance et al. (1966) conducted with sixth through 

twelfth grade mathematics teachers resulted in the conclusion that 
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teacher effectiveness had a positive effect on student attitudes 
toward teachers, methods, and overall school climate. In a study 
which dealt with the influences on student attitudes of teacher 
attitudes encountered during the preceding three years, Phillips 
(19731 found that type of teacher attitude for two of the past 
three years, especially most-recent teacher attitude, was signi- 
ficantly related to student attitude toward mathematics. On the 
other hand, studies by Caezza (1970), Van de Walle (1973), and • 
Wess (1970) found no statistically significant relationships 
between teacher attitudes and either the attitudes or changes in 
attitudes of their students. 

Sex Differences in Attitudes Toward Mathematics 

Traditionally, mathematics has been viewed as an interest 
or occupation more suited to men than to women. Consequently, 
one might suspect that males would score higher than females on 
tests of achievement in mathematics and on Scales of attitude 
toward mathematics. Several studies at the college level (see 
Aiken & Dreger, 1961; Dreger & Aiken, J.957; Hilton & Berglund,*^ 
1974) have found sex differences in both attitudes and achievement 
in mathematics favoring males over females. However, at the 
elementary school level, the results have not been quite so 
definitive. 

Chase (1949) found that fifth-grade girls disliked arithmetic 
more than fifth-grade boys, and the reason for the dislike was 
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that the subject was considered to be difficult, presumably too 
difficult. Several years later, in a study with third, fourth, 
and sixth graders, Stright (1960) concluded that girls liked 
arithmetic better than boys. In a study which included fourth- 
and sixth-grade students, Reese (1961) found that measures of 
attitudes and anxiety may be better predictors of the mathematics 
achievement of females than of males - 

The NLSMA comparisons of boys' and girls' attitude profiles 
suggested that major observable differences were established by 
the early junior high school years. Though girls entered the 
study at grade 4 with somewhat more positive attitudes, their 
increase in attitude was less than for boys during the late 
elementary school years (Crosswhite, 1972), 

In a study of attitudes toward arithmetic of students in 
the intermediate grades Shapiro (196 2) found no significant 
differences between the attitudes of boys and girls, A similar 
finding was reported by Wozencraft (1963), Dutton (1968) also 
concluded that boys and girls who had studied "new math" were 
about equal, in their liking for arithmetic. 

The somewhat inconsistent findings noted above indicate 
that, at least in attitudinal studies conducted at the elementary 
school level, separate data analyses by sex should be performed. 
Additional research evidence is heeded before any conclusive 
judgments can be made about sex differences in student attitudes 
toward mathematics at this level. 
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SM.Hpnf anH Teacher At titudes as Related to Curr iculum Materials 

As a result of the modern mathematics movement of the 1960's, 
a number of studies have been conducted which compare the attitudes 
of students in a modem program with those of students in a tra- 
ditional program. The most numerous of these investigations have 
dealt with the School Mathematics Study Group (SMSG) materials. 
In general, these studies have found that the mean mathematics 
attitude scores of students taught with the SMSG materials are 
not significantly different from the scores of those students 
taught with the traditional curriculum materials (Phelps, 1965; 
Osborn, 1965; Woodall, 1967; Hungerman, 1967). In fact, Osborn 
(1965) found that the attitudes of SMSG students were more 
negative than those of students in the traditional curriculum. 

Results similar to those noted in the preceding paragraph 
have been obtained in other investigations which have compared 
"modern" and "traditional" programs of instruction. For example, 
in a study with students using the University of Illinois Committee 
,on School Mathematics (UICSM) materials, Demars (1972) found no 
more improvement in attitudes toward mathematics of those students 
who used the UICSM materials than of those using traditional 
curriculum materials. 

An individualized approach to instruction in mathematics can 
have a more positive effect on attitudes that a traditional 
approach. In discussing an evaluation of the Individually 
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P rescribed Instruction (IPI) mathematics materials, Magulre (1971) 
makes such a conclusion. 

Concluding Remarks 

Because of the diverse findings of many of the attltudlnal 
investigations noted above, generallzabillty of results is difficult. 
Therefore, researchers must continue to investigate the comparative 
learning effects of differing attltudlnal variables. The next 
part of this chapter discusses the literature pertaining to attitudes 
toward problem solving. 

Part IT I: At titudes Toward Problem Solving 
The studies reviewed in Parts I and II of this chapter point 
to the fact that investigations of mathematical problem solving 
and of attitudes toward mathemajtics are -extensive in scope, diverse 
in nature, and often conflicting in results. Clearly, there is a 
need for more research into the nature of each of these variables. 

Recommendations Related to Problem Solving Attitudes 

Several years ago Brownell (1942) observed that favorable 
student attitudes toward problem solving are a desirable educational 
outcome, and he remarked that such attitudes can be developed. More 
recently, Polya (1965) has stressed the importance of favorable 

teacher attitudes in helping students acquire problem solving 

1 

proficiency. In a publication by the Ontario Institute for Studies 
in Education (J 971) the following observation is made: 
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Granted that problem solving is both a desirable and an 
essential part of school mathematics, it seems a nece^ 
prerequisite for successful development of problem solving 
skills that both teacher and student have positive attitudes 
to problems. Many teachers, particularly in the elementary 
school, have scant knowledge of mathematical content, and 
therefore feel far from confident in venturing beyond 
teaching the superficial exercise type of problem. Often 
they transmit this basic insecurity to their students 
[p. 35]. 

Thus, there seems to be some scholarly agreement on the importance 
of fostering the development of favorable attitudes toward problem 
solving, both on the part of the teacher and student. 

Aiken (1970) has called for more intensive investigations 
into the nature of attitudes toward mathematics and has suggested 
that an individual's attitude toward one aspect of the discipline, 
such as problem solving, may be entirely different from his atti- 
tude toward another phase of the discipline, such as computation^ 
Researchers, however, have tended to use single, global measures 
of attitude poward mathematics, rather than investigating attitude 
toward only one phase of the discipline. 

The purpose of the next, several sections of this chapter is 
■> 'a 
to review the work of the few researchers who have investigated 

problem solving attitudes. Each of the studies described below 

has special relevance for some aspect of the present investigation. 



A Problem Solving Attitude Scale for College Students 

Carey (1958) worked with a college-age population ia an 
attempt to answer five questions: (1) Can a scale be constructed 
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which measures attitude toward problem solving? (2) Are there sex 
differences on such a scale? (3) Is problem solving attitude 
related to problem solving performance? (4) Will an attempt to 
change attitude be followed by a change in performance? and (5) 
Will women respond more favorably than men to an attempt to improve 
their attitudes? Though Carey was interested in general problem 
solving, rather than ^mathematical problem solving, her study is 
important because it represents a first attempt at the construction 
of a problem solving attitude scale. She did find that it is 
possible to construct a reliable instrument with Likert-type 
format to measure attitudes toward problem solving. The use of 
this scale enabled her to conclude that men and women do differ 
in attitudes toward problem solving, that problem solving perfor- 
mance is positively related to problem solving attitude, and that 
when women's attitude toward problem solving is modified in a 
more favorable direction, they make significant gains in problem 
solving performance. 

A Brazilian Study of Problem Solving Attitudes 

Lindgren et al. (1964) studied attitudes toward problem solving 
as a function of success in arithmetic in Brazilian elementary 
schools. A 24-item adaptation of the Carey (1958) scale was 
constructed and translated in Portuguese. An arithmetic achieve- 
ment test, a general intelligence test, and a socio-economic 
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scale also were administered to the sample population of fourth-grade 
students. Attitudes favorable to situations involving the solving 
of problems were found to be positively and significantly correlated 
with arithmetic achievement, although the correlations were rather 
low. Problem solving attitudes also were correlated positively, 
but not significantly, with marks in arithmetic. Positive and 
significant correlations were found among success in arithmetic, 
intelligence test scores, and socio-economic status. Problem solving 
attitudes of the students showed near-zero correlations with intelligence 
test scores and socio-economic status. Unfortunately, the Lindgren 
study did not correlate problem solving attitudes with student 
performance in problem solving. The positive correlations found 
between problem solving attitudes and arithmetic achievement lead 
to the conjecture that a strong correlation could exist between 
problem solving performance and problem solving attitude. 

A Problem Solvi'n^ Inventory for Chil dren 

Covington and Crutchfield (1965) have reported several studies 
with the General Problem Solving Program , an apparently successful 
program for teaching children to apply heuristic strategies to 
problems. Though the problems are not mathematical in nature, 
the strategies are appropriate to mathematical problem solving. 
Of particular interest is the work by Covington (1966) to devise 
instruments that assess problem solving competency among upper 
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elementary school children. Specifically, this effort is directed 
towatd the development of the Childhood Attitude Inventory for 
Problem Solving (CAPS). CAPS consist? of two scales. Scale I 
contains 30 true-false items and is designed to indicate children's 
beliefs about the' nature of the problem solving process and 
attitudes toward certain aspects of problem solving. Included are 
items dealing with suph ideas as the child's conception of the 
innateness or unchangeability of one's problem-solving ability, 
the desirability of suppressing rather than expressing novel 
ideas, and the wisdom of persisting in the face of a problem that 
othe\s have failed to solve. Scale II, also consisting of 30 
true-false items, assesses the child's degree ^of self-confidence 
in dealing with problem solving tasks; it reflects some of the 
typical sources of children's anxiety about thinking,^ including 
the fear of having one's 'ideas held up for ridicule (see Covington, 
1966). ' ^ 

Though CAPS is not designed to assess attitudes toward mathe- 
matical problem solving, it does hold promise as a model for the 
design of similar instruments related to mathematical problem 
s^olving. The nature of the problem solving process is such that 
many of the requisite skills and processes needed for the solving 
of mathematics problems are the same as those needed for the 
solving of general problems, and vice versa. 
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Concluding Remarks to the Chapter 
'Sifting through the voluminous problem solving and attitudinal 
literature for definitive answers to questions about the nature of 
each variable and the relationships between them is a tedious and 
often -frustrating task. The complex nature of the concepts confounds 
'the problem. At best, the research evidence about each of the two 
variables is inconclusive, and research into relationships between 
the two variables is almost nonexistent. One fact is clear. Be- 
cause of the complex nature of each variable, the simultaneous 
investigation of attitudes and problem solving must take "into 
account several sources of potential variability. Otherwise, the 
generalizability of the research findings is severely limited. 

This chapter has reviewed the related research literature in 
thi?ee, areas: problem solving, attitudes, and attitudes toward 
problem solving. Chapter 3 discusses the design of the study re- 
ported in this paper. ^ 
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Chapter 3 
DESIGN OF THE STUDY 

V 

'J 

This investigation of the relationships between student and 
teacher mathematical problem solving attitudes and student ii^athe- 
matical problem solving performance fits into the framework of 
information-oriented research (Suppes, 1967; Scandura, 1967) or 
relational research (Romberg & DeVault, 1967). Such studies 
provide information and insight into the nature of specific 
relationships between curriculum variables , thus making it fea- 
sible to for^nulate tentative hypotheses capable of being tested 
in more rigorously designed experiments. This chapter discusses 
the design of the present investigation and begins with some 
background information regarding thp ideax for the study. 

\ 

Th e Idea and Background for the Sjiudy 
The design of this study evolved as the author worked closely 
with teacliers and children participating in the pilot testing and 
field testing of the Developing MathematicalQri^e-esses (DMP) 
program (Romberg, Harvey, & Moser, 1974, 1975, 1976). The DMP 
program is based on psychological research into the ways children 
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learn mathematics, and utilizes an activity-oriented, measurement 
approach to the t;eaching and learning of mathematics in grades K-6. 
The program is being developed at the University of Wisconsin 
Research and Development Center for Cognitive Learning and is 
designed for use in a system of Individually Guided Education (IGE) 
in a multiunit elementary school (see Klausmeier, Quilling, & 
Sorenson, 1971). However, DMP also can be used in any type of 
elementary school where the progress of each child as an individual 
is important. 

The entire DMP program is built around a sequence of hier- 
archically-ordered objectives and a program of instruction that 
leads to mastery of those objectives. The K-6 instructional 
materials are organized into 90 units, called topics, and are 
subdivided into levels to approximate the following grade dis- 
tributions: 

Topics Approximate Grade Levels 

1-40 Primary (K-2) 

41-65 Lower Intermediate (3-4) 

66-90 Upper Intermediate (5-6) 

Brief descriptions of the first 65 DMP topics are given in 

Appendix A. 

The basic underlying theme of the DMP program is problem 
solving. Using various mathematical processes, such as describing, 
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and classifying, comparing and ordering, joining and separating, 
grouping and partitioning, and validating, children solve a wide 
variety of types of problems. Several important problem solving 
techniques are used in DMP to prevent children from solving 
problems mechanically or jumping to false conclusions and to 
encourage them to adopt a "stop and think" attitude before 
solving. One of these techniques is the inclusion of problems 
that have no answer or many answers. Effective problem solving 
also is promoted in DMP through the use of open sentences and 
equivalent sentences; the children have many experiences in 
writing, transforming, and solving sentences. Once the children 
have solved a particular sentence, they validate the solution 
by putting it back into the context of the problem to be sure 
it is reasonable. The following quotation, taken from the 
DMP R esource M a nual, Topics 41-65 (Romberg, Harvey, & Moser, 
1975), emphasizes several of the key strategies used in the 
program: 

Although DMP emphasizes some broad problem solving 
strategies such as the use of the open sentence, stress 
Ifi also placed on the children's ability to develop 
their own ways to solve problems. Just as there is 
frequently more than one "right" answer, there is 
frequently more than one "right" sentence or one "right" 
way to solve. Children's perceptions of problem situ- 
ations may differ though they may be equally correct. 
They need to be allowed time for trial, time for error, 
and time to learn from their errors [p. 50]. 

The developers oL the DMP program believe that exposing children 

t:o a wide variety of problems will lead to a willingness to tackle 
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new problems, will produce confidence in children's ability to 
handle new problems, and will enhance their ability to apply 
problem solving techniques. 

As observed in Chapter 1 of this paper, the author has been 
impressed by the manner in which DMP students attack problems 
and by the positive affect which both students and teachers 
seem to possess with regard to the DMP program. Consequently, 
this personal 'observation, reinforced by similar ones made be 
other DMP staff members, precipitated the design of a study 
to investigate the mathematical problem solving performance of 
children and the problem solving attitudes of both teachers 
and children. The next section of the ch ter presents an out- 
line of the overall design of the study. 

The General Design of the Study 
The study was conceptualized as being conducted in two 
parts with samples from two different populations. The diagram 
in Figure 3.1 depicts the design. The specific details of each 
component of the design are delineated in ensuing sections of 
the chapter. The next section describes Part I of the study. 

The Questions and Procedures f^ Part I 

Part I of the study was to deal with the first five questions 

formulated in Chapter 1. They are: 

(Ques tion 1 : Do fourth-grade students have favorable attitudes 
toward problem solving? 
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PART I 



PART II 



Time 1 



Measures 
A, B, 6e C* 



Measures 
A, B, & C* 



Treatment 



Study of 
DM? Topics 



Time 2 



Measures 
A, B, & C* 



^Measure A: Student Mathematical Problem Solving Test 
Measure B: Student Mathematical Problem Solving Attitude Scale 
Measure C: Teacher Mathematical Problem Solving Attitude Scale 



Figure 3.1. The design of the study. 
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Non-DMP 
Sample 
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Do differences in attitude toward problem solving 
exiat if students are classified by sex? 

Do differences in. attitude toward problem solving 
exist if students are classified by mathematics 
program type: DMP versus non-DMP? ■ 

Question 2 : Do fourth-grade teachers have favorable attitudes 
toward problem solving? 

Do differences in attitude toward problem solving 
exist if teachers are classified by 'type of 
mathematics program taught: DMP versus non-DMP? 

Question 3 : How do fourth-grade students perform on a 
test of problem solving performance which 
provides measures of comprehension, application, 
and problem solving? 

Do -differences in problem solving performance 
exist when students are classified by sex? 

Do differences in problem solving performance 
exist when students are classified, by mathe- 
matics program type: DMP versus ndn-DMP? 

Question 4 : What Is the relationship between fourth-grade 
students' attitudes toward problem 3olvlng 
and their performance In problem solving? 

Do differences in this relationship exist if 
students are classified by sex? 

Do differences in this relationship exist if 
students are classified by mathematics program 
type: DMP versus non-DMP? 

Question 5 : What Is the relationship between fourth-grade 
teachers' attitudes toward problem solving and 
their students' performance In problem solving? 

Do differences in thir^ relationship exi^t if 
students are classified by sex? 

Do differences in this relationship exist if 
students are classified by mathematics program 
type: DMP versus non-DMP? 
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The Sample 

The subjects in the sample for Part I of the study were to be 
30 fourth-grade teachers and the students to whom they taught 
mathematics. Fifteen of the teachers and their students were to 
have been participants in the large-scale field test (see Montgomery 
& VJhd^ker, 1975) of the Developing Mathematical Processes (DMP) 
program for at least one year prior to the 1975-76 school year. 
In additi\)n, they were to be studying the commercial fourth-grade 
DMP materials during the 1975-76 school year. The remaining 15 
teachers and their students were to be chosen from Wisconsin 
schools not using the DMP program. An attempt was to be made 
to involve teachers of both sexes and to obtain fourth-grade 
classes from schools varying in type (multiunit, non-multiunit) , 
size, and location (urban, non-urban, rural). 

The Procedures 

During the fourth month of the 1975-76 school year, a 
mathematical problem solving test developed by Romberg and Wearne 
(see Wearne, in preparation) was to be administered to the 
students in the sample. At approximately the same time scales 
designed to measure the ioathematical problem solving attitudes 
of both students and teachers were to be administered. 
The attitude scales were to be developed as a part of the study. 
The development of alL three instruments used in the study is 
described in Chapter 4 of this paper. On the basis of their 
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scores on the attitudinal instruments, the teachers and students 
were to be classified as having either favorable or unfavorable 
attitudes toward mathematical problem solving. The mathematical 
problem solving, test data were to be categorized in terms of scores 
of comprehension, application, and problem |olving and analyzed to 
ascertain the presence or absence of statistically significant 
differences with respect to sex of student and type of mathe- 
matics program studied (BMP versus non-DMP). Simple correlational 
procedures were to be used to show the relationships between 
teacher and student mathematical problem solving attitude and 
student mathematical problem solving performance. Correlations 
were to be calculated to show the relationships between the 
attitudinal and performance variables when the data were categorized 
by sex of student and program type (DMP versus non-DMP). It was 
anticipated that additional correlational procedures might be 
necessary to identify those items, or groups of items, from the 
attitudinal scales which might be interrelated with the cal- 
culated correlations. These findings were to provide information 
relative to Questions 1-5 of the study. 

The Questions and Procedures for Part II of the Study 

Part II of the study was to be directed at the remaining 

two questions posed in Chapter 1. They are: 

Question 6: Do fourth-grade teachers* attitudes toward 
problem solving affect their students* 
problem solving performance or is the 
effect of the opposite nature? 
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Do differences exist when students are classified 
by sex? 



Question 7 ; 



Do fourth-grade teachers* attitudes toward pro- 
blem solving affect their students' attitudes 
toward problem solving or is the effect of the 
opposite nature? 



Do differences- exint whrm studants arc classified 
by sex? 



The Sample 



The subjects 



in the sample for Part II were to be the 15 



teachers and their students from the DMP sample of Part I, The 
non-DMP teachers and students were not to participate in the 
second part of the study. 

The Procedures 

Simple correlational procedures could not answer the questions 
of cause and effect posed for the second part of the study. However, 
Campbell and Stanley (1963) have discussed a quasi-experimental 
design which can provide answers regarding the direction of re- 
lationship between teacher attitude and student attitude and 
performance. The design employs time as a third variable and is 
called cross-lagged panel correlation (Campbell & Stanley, 1963). 
As indicated in Figure 3.1, Part II of the study was to involve 
the DMP sample and was to consist of two different testing periods 
(Time 1 and Time 2) with an intervening "treatment" period of 
LO-12 weeks. The first testing period has already been described. 
The second testing period was to occur during the seventh month 
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of the 1975-76 school year and was to consist of a second administration 
of the mathematical problem solving test and the student and teacher 
mathematical problem solving attitude scales. This part of the 
design of the study is quasi-experimental in nature because the 
intervening "treatment" is not rigidly controlled. The "treatment" 
was to consist of a course of study selected from the regular DMP 
sequence of topics for fourth grade. The only restriction placed 
on the "treatment" was that teachers were to select at least one 
topic from the problem solving strand of the DMP program; the 
remaining two or three topics were to be selected from the other 
content strands (see Appendix A). Monitoring visits were to be 
made to the participating schools during the "treatment" period 
to be certain that the DMP topics were actually being taught as 
requested. Figure 3.2 depicts a .-schematic conception of the 
first phase of the cross-lagged correlational technique used in 
the study. 



Time 1 



Time 2 



Teacher 
Attitude 



Student ^ ^ ^21 
Problem Solving 
Performance 




Teacher 
'Attitude 

Student 

Problem Solving 
Performance 



Figure 3.2. Schematic conception of cross-lagged 
panel correlation. 
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The correlation between teachers' attitudes at Time 1 and the 
means of the problem solving test scores of' their students at 
Time 2 (^^2^ ^ere to be computed, as well as the correlation be- 
tween teacher attitudes at Time 2 and the means of the problem 
solving test scores of their students at Time 1 (^21^* ^12 
-is significantly more positive than r^^, this would be evidence 
that teachers' initial attitudes have a greater effect on final 
mean student problem solving performance than initial mean student 
problem solving performance has on final teacher attitude. How- 

ever if r^, is significantly more positive than r , then this 
' 21 

would provide an Indication that initial mean student problem 
solving performance has a greater effect on final teacher attitudes 
than initial teacher attitudes have on final mean student problem 
solving performance. This type of correlational analysis for 
attitudinal research has been recommended by Aiken (1969). 

A similar cross-lagged panel correlational analysis was to 
used to study the effects of teacher attitudes toward problem 
solving on student attitudes toward problem solving. A schematic 
conception of" this analysis is given in Figure 3.3. 



Time 1 



Time 2 



Teacher 



Teacher 




Figure 3.3; 



Schematic conception of 
cross-lagged panel 
correlation. 
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Concluding Remarks 

This chapter has 'provided some background regarding the 

design of the study and has discussed the several components 

of the design. The next chapter describes the construction c 

the Instruments which were used in the study. 

✓ 



68 



V. 



■ Chapter 4 
THE INSTRUMEMTS OF THE STUDY 

Three instruments were used in the present study of the 
relationships between fourth-grade students' mathematical problem 
solving performance, their mathematical problem solving attitudes, 
and the mathematical problem solving attitudes of their^ teachers. 
The purpose of this chapter is to describe each of those instruments 
The mathematical problem solving test was developed by Romberg and 
Wearne (see Wearne, in preparation); it will be described first. 
The other two instruments, the student mathematical problem 
solving attitude scale and the teacher mathematical problem 
so Lvlng attitude scale, were developed by the author; their 
development will be discussed In the last two sections of the 
chapter. 

\ Th e Mathematical Problem Solving Test 
^'Single total scores, as obtained' on most tests of mathematical 
problem solving performance, are inadequate When attempting to 
explain the reasons why some students are succfess£ul problem 
solvers and others are not. However, a test developed by 
Romberg and Wearne (Wearne,^ in' preparation) was designed to 

. ' ' fa- , 
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overcome such inadequacies and was used to assess the mathematical 
problem solving performance of the fourth-grade students /in the 
present study. 

The mathematical problem, solving test was design^ to yiefd 

three scores: a comprehensiJn score, an application /score , and 

/ / 
a problem solving score. Eijch of the 22 three-part /items on the 

test contains a comprehensii^n, an application, and /a problem 

solving question. The comprehension question assesses a child's 

/ 

understanding of the infotmation presented either explicitly or 
implicitly in the item s^em. The application question involves 
a fairly straight forwarfl application of some rule or concept 
to a situation. The prcjblem solving question presents a situation 
which involves other thain a routine application of some principle. 
Although the application and problem solving parts may refer to a 
common unit of information (the item stem), the questions are 
independent in that the response to the application question is 
not used to respond to the\problem solving (Question. Because 
this test differs markedly from other mathematical problem 
s'olving tests, two examples the three-part items on the test 
are given here to illustrate \he nature of' the comprehension, 
application, and problem solving parts. Figure 4.1 illustrates 
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one thre§-part item from the te^. In Fl|gure 4.1 the item st< 
and the comprehension part are shown fir^; the comprehension 
part assesses a child's understanding of the information presented 
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THESE PROBLEMS ARE ABOUT HOW PEOPLE WRITE NUMBERS IN CIRCLELAND. 



In Ctrcleland, people write 



write 




when they mean 475 and they 



when they menn 61, 



In Cfcrcleland, people write 

(A) True 

CB) False 

(C) Impossible 




when they mean 8. 



Whnt do they monn whrn they wrttf 

(A) 36 

(B) 6:j 

(C) 630 

(D) 601 
(K) 306 




What do thoy mean when they writp 
(A) 4,526 (C) 4,562 

0^) 40,526 (D) 45.620 

(F.) 45,?60 




Figure 4.1. Example of a three-part item from the 
mathematical problem solving test. 
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explicitly in the item stem. The second part of the item (application) 
is answered by direct application of informatipn contained in the 
item stem, while the third part of the item (proBl€m-^ol^in&) re- 
quires a generalization of information presented in the item stem. 

Figure 4.2 gives a second example of a three-part item from the 
mathematical problem solving test. In thfLs example the item stem is 
given implicitly in the comprehension part of the item; it presents 
the Information pictorially and assesses a child's comprehension of 
a "beam in balance." The second part of the item is a direct applica- 
tion of a balance beam to a situation which requires one to determine 
the order relation between two objects on the attribute of weight. 
The third part of the- item represents an extended application of 
the second part; a child musf realize that the sum of two smaller 
weights is less than the sum of two larger weights. 

The mathematical problem solving test used in the present study 

is a revision of an earlier 19-item test developed by Romberg and 

■' I. 

Wearne and used in the study by Meyer (1975). The version used by 
Meyer with 179 fourth-grade students had undergone a careful 
development (see ^^^f^ 1975) . and the total test Hoyt reliability 
coefficient fo^xhat test was .82. 

The Romblrfi-Wearne Mathematical Problem Solving Test used 
in the preaelt study is given in Appendix B; its development is 
described nire completely by Wearne (in preparation). Because 
of the tfit's unique design, with three scores possible for each 
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Which picture shows Che biUnce beam in bilince? 



(A) 




(B) 



(C) 



7^ 




Which sentence tetts about the weights 
[^1 weighs leas than 13 « 
FaI weighs more than LSJ . 
we I gh s the a ame a s 



(A) 
(C) 



(D) Impossible to tell from the picture. 



Weights 0 and are put together on one end of the balance beam 

and 0 and [3 ^re put together on the other end of the balance 
beam. Winch pfctur*^ shows how the balance beam might look? 



(A) 



(B) 





(C) 



(D) Impossible to tell from the 
picture. 



Figure A, 2, Example of a three-part item from the 
mathematical problem solving test. 
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student, it was deemed particularly appropriate for use in an 
investigation of mathematical problem solving attitudes, as 
student attitude may be examined in relation to a three-step 
sequence which students follow in solving a mathematics problem. 
The construction of the student mathematical problem solving 
attitude scale is described in the next section of this chapter. 

The Student Mathematical Problem Solving Attitude Scale 
Introduction 

Though observational and interview techniques hold promise 
as perhaps the most objective measures of attitudes, the large 
number of students who were to be tested in the present in- 
vestigation made such techniques impractical. Past efforts to 
develop scales that measure attitude toward problem solving have 
met with reasonable success. Carey (1958) found that a reliable 
scale can be constructed. A modification of the Carey scale was 
used by Lindgren et al. (1964) with a group of fourth-grade 
students in Brazil. Successful efforts have also been exerted by 
Covington (1966) to develop a group-administered inventory of 
problem solving attitude with upper elementary school children. 

The Carey scale was deemed inappropriate for use in the 
present study, since it was developed for use with college-age 
students; furthermore, it assesses attitude toward problem solving 
in general,, rather than attitude toward mathematical problem 
solving. The scale usde by Lindgren et al. might have proved 
useful in the present study, since it was given to fourth-grade 
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students, but efforts by the author to obtain a copy of the scale 
proved futile. The inventory developed by Covington assesses 
general problem solving attitude, rather than mathematical problem 
solving attitude, ''and is limited in the amount of information 
conveyed regarding the intensity of the respondents' attitudes 
since the inventory uses a true-false format ; thus, it, too, was 
rejected for potential use in the present investigation. The 
futility of the search for a suitable existing instrument to 
measure elementary school students' mathematical problem solving 
attitudes convinced the author of the need to develop such a scale. 

The Construction of the Scale 

In Chapter 1 at titude toward problem solving was defined as 
the predisposition of an individual to evaluate factors related to 
mathematical problem solving in^a relatively favorable or unfavorable 
manner. The problem of constructing a scale to measure this attitude 
began with an examination of the attitudinal object — in this case, 
mathematical problem solving — and of those factors related to 
that object. Mathematical problem solving was defined as the process 
of analysing a situation posed in a problem, producing a procedure 
for solving the problem, using that procedure, anS achieving a 
solution to the problem. This definition is similar in nature to 
the four phases of the problem solving process suggested by Polya 
(1945), and both the definition and the writings of this eminent 
teacher proved valuable as sources of ideas for attitude scale 
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items. In addition, the work by Carey and by Covington, and the 
writings of the staff of the Developing Mathematical Processes 
(DMP) program (see Romberg et al., 1974, 1975, 1976) guided the 
author's thinking in the development of the mathematical problem 
solving attitude scale. 

Nunnally (1967) has remarked that if verbalized attitude is 
the variable of interest, then the content validity of the instru- 
ment to be constructed is the major issue; furthermore, he main- 
tains that the major standards for ensuring content validity are 
a representative collection of items and a sensible method of 
instrument construction. Another aspect of content validity is 
that of face validity, that is, a judgment regarding whether an 
instrument appears to measure what it purports to measure. Both 
content validity and face validity were carefully considered in 
the design of the student mathematical problem solving attitude 
scale. 

A procedure similar to that used in the development of the 
NLSMA attitude scales (see Romberg & Wilson, 1969) was followed 
by the author in the construction of the student attitude scale. 
First, a pool of 82 items was constructed; each item purportedly 
measured some aspect of fourth-grade students* attitudes toward 
matheracitical problem solving. Included were statements reflecting 
children's beliefs about the nature of various types of mathematics 
problems, the nature of the problem solving process, the desirability. 
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of persevering when solving a problem, and the value of generating 
several ideas for solving a problem. Other statements referred to 
children's ability t,o succeed- in problem solving situations, and 
some dealt with possible anxiety in not knowing how to go about 
solving a problem or the fear of being incapable of effective 
thought when attempting to solve a problem. An attempt was made 
to maintain a balance between positive and negative items. A 
complete listing of these 82 original items is included in Appendix C. 

Next, the list of items was submitted to a panel of reviewers 
for careful scrutiny. The panel consisted of six mathematics 
educators, two experienced elementary school teachers, a licensed 
psychometrist, and two elementary mathematics curriculum writers. 
The reviewers were asked to examine the" items with respect to 
adequacy of sampling of behaviors indicative of fourth-graders' 
attitude toward mathematical problem solving, to mark those items 
which they felt not indicative of such an attitude, and to indicate 
the direction — positive or negative — of those items which were 
indicative of the attitude. The reviewers, also were encouraged 
to suggest changes in wording of the statements. The reading 
level of attitudinal instruments used with elementary school 
students often poses a problem of reliability and interpretability 
of results of those instruments (Aiken, 1969). For that reason, 
an experienced fourth-grade teacher was asked to examine the 
problem solving attitude item sample solely on the basis of 
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readability by fourth-graSe students. Any item that T^as rejected by 
at least two reviewers was discarded as inappropriate for inclusion 



in the instrument. 

It was the author's desire to make the format of the student 
attitude scale as appealing as possible to fourth-grade students 
and to avoid the use of "adult" terminology. For this reason, 
the typical response format of Likert scales— strongly agree, agree, 
undecided, disagree, strongly disagree— was changed to that of really 
agree, agree, can't decide, disagree, really disagree. In addition, 
one reviewer suggested that some of the attitudinal items might lend 
themselves to a "happy/sad faces" format. Consequently, the author 
decided to organize the pilot scale in two parts. The first part 
consisted of those items which could be written as open-ended 
statements and to which students could respond using a "very happy- 
to-very sad faces" format. An example of such an item is given in 
Figure 4.3. 

If we spent more time in school doing math problems, 
I would be " 

© © © © © 

Figure 4.3. Example of a mathematical problem solving 

attitude item with ''happy/sad faces'' format. 



78 



The first part of the pilot scale consisted of 14 such statements 
and was designed to provide ah "informal" measure of each student's 
attitude toward mathematical problem solving. 

The second part of the pilot attitude scale consisted of 26 
items to which, the students were to respond using the "really agree- 
to-really disagree" format^. An example of one of these items is 
in Figure 4.4. 

After I read a problem, I like to think about what I know 
and what I don't know in the problem. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 

Figure 4.4. Example of a mathematical problem solving 
attitVde item with modified Likert format. 

This part of the scale was designed to provide a more "formal" 
measure of each student's attitude toward mathematical problem 
solving. The specific nature of many of the items allowed for a 
probe into the more subtle ramifications of a student's attitude. 

Using the developmental sequence described above, a 40-item 
pilot scale was constructed to measure fourth-grade students' 
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attitudes toward mathematical problem solving. A copy of this scale 
is included in Appendix C. The 14 ^'informal" items were randomly 
ordered to form Part I of the scale. The 26 "formal" items were 
randomly ordered to form Part II of the scale. To provide some 
control for those students who might unconsciously compare one item 
with another, only four or five items were included on each page of 
the scale. 

The Pilot Test 

The pilot version of the student mathematical problem solving 
attitude scale was administered by the author to 51 fourth-grade 
students in two elementary schools in Madison, Wisconsin. Test^ 
' administration time was approximately 20 minutes. The v^ritten 
''^ directions for the scale were judged to be satisfactory, and no 
^ problems were observed with the administration of the scale or 
with student response to the scale. 




The Item Analysis 

The item responses of each student were coded on a five-point 
scale, ranging from a score of 5 for the most favorable response to 
1 for the most unfavorable response. A total scale score of 200 
represented the "most favorable" attitude toward problem solving, 
a total score of 120 signlMed a "neutral" attitude, and a total 
score of 40 represented the "most unfavorable" attitude; varying 
degrees of " f avorableness" or "unf avorableness" were represented by 
intermediate scores. Mean total score response was 142.9. 
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An item analysis was performed on Part I, Part II, and the 
total scale by using the ITEMPACK program (Campbell & Bohrnstedt) 
at the University of Wisconsin Academic Computing Center, The 
ITEMPACK program is specially designed for use with Likert scales./ 
Cronbach's Alpha (Cronbach, 1951), a measure of the internal 
consistency reliability of an instrument, was computed for each 
part of the scale * and these are given in Table 4.1. 

TABLE 4.1 

INTERNAL CONSISTENCY RELIABILITIES 
FOR PILOT ATTITUDE SCALE |N - 51) , 



Scale 


Number 
of Items 


Cronbach* s 
Alapha 


Standard Error 
of Measurement 


Part I 


14 


.84 


• 3.32 


Part II 


26 


.86 


5.36 


Total 




\ .90 


6.41 






\ 





Th(* reliability coefficients were Judged to be quite satisfactory 
for each part of the scale and for the total scale. As an 
additional means of analyzing the internal consistency of an 
Instrument, the ITEMPACK program uses algorithms suggested by 
Bohrnstedt (1969) to correlate each item score with the total 
scale score. The program also calculates corrected item-to-total 
correlations using the procedure suggested by Cureton (1966); 
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this calculation corrects for the spurious result caused by the in- 
clusion of the item in each correlation. The Cureton item-to-total 
correlations for the student scale are given in Appendix C, The 
correlations were judged to be acceptable for nearly all items. 
For items 7, 13, and 34 the item-to- total correlations were negative; 
therefore, these items were eliminated from the scale. For items 9, 
17, 19, 22, and 24 a weak positive relationship was noted. Item 9 
was dropped from the scale; however, because of the importance of* 
t?he content of the other items to the attitude being assessed, it 
was felt that they should remain in the scale. 

The Revised Scale 

' As a result of the pilot test of the student matheiuatical 
problem solving attitude scale ana the subsequent item analysis, 
a' revised 36-item scale emerged. The revised scale consists of 
two pares. Part I has 12 items designed to provide an "informal" 
measure of a student's attitude toward mathematical problem solving. 
Part II consists of ^24 items designed to provide a "formal" and 
more specific measure of the attitude. The total scale, then, 
provides a composite measure of a number of variables which 
influence a fourth-grade student's attitude toward mathematical 
problem solving. A copy of the revised scale is given in 
Appendix D. 

Conclu ding Rema rjc^ 

This section of the chapter has described the developmental 
sequence followed in the construction of a mathematical problem 
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solving attitude scale fo^r elementary school students. The next 
section discusses the development of a similar scale for use with 
elementary school teachers. * 

The Teach er Mathematical Problem Solving Attitude Scale 
The only existing scale for assessing adult attitudes toward 
problem solving (Qarey, 1958) was judged inappropriate for use 
with. the teachers who were to participate in the present study, 
mainly because it measures general problem solving attitude, rather 
than attitude toward mathematical problem solving. Therefore, 
the author concluded that a scale suitable for use with elementary 
school teachers would have to be constructed as a part of the 
study. 

The Construction o f the Scale 

The Likert method of suraroated ratings also was selected as 
the format for the teacher mathematical problem, solving attitude 
scale. A developmental sequence nearly identical to that described- 
previously for the student attitude scale was adopted for the 
construction of the teacher scale. First, a pool of 70 items was 
written; each item purportedly measured some aspect of an elementary 
teacher's attitude toward mathematical problem solving. The pool 
of student items served as a valuable source of ideas for writing 
the teacher items. , Many, of the statements were, in fact, similar 
in content and wording to those written for the student scale. 
A complete list of the original 70 items is given in Appendix C. 
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Next, the list of items was submitjted to \the same panel of 
reviewers who examined the student iteijs, and t\^ey were asked to 

react to the new set of items in a manner similaf to that used 

1 \ 

with the student items- Once again, any item tha^t was rejected 

by at least two reviewers was 4iscarde,d- 

* The five-part response format—really agree, agree, can't 

decide, disagree, and really disagreef-was used on the teacher 

scale. The developmental sequence noted above yielded a 50-item 

pilot scale. A copy of that scale is given in Appendix C. 

■ ' " \ 

The Pilot Test ; * 

A pilot version of the teacher mathematical problem Solving 
attitude scale was administered by the author to 28 elepentary 
school teachers. Eighteen of the teachers were enrollef in 
graduate courses in the Department of Curriculum and Instruction 
at the University of Wisconsin-Madison, The remaining 10 teac;hers 
were members of the faculty at an elementary school in Madison-, 
Wisconsin. Test administration time was approximately 20 miautes, 

and no problems were observed with the directions given or with 

, , ■ I 

teacher response to the scale. After the scales had beeii collected, 
the teachers were encouraged to discuss their reactions to the 
scale with the author. Several teachers conunented on the similarity 
of content of some items; others noted that the "really agree^-to- 
really disgree" respqnse format did not seem appropriate for 
several of the items. \ 
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The Item Analysis 

A five-point coding scheme was adopted for coding *..ach response 
on the teacher scale so that the maximum possible score was 250, in- 
dicative of a 'Very favorable" attitude toward mathematical problem 
solving. A score of 150 indicated a "neutral" attitude, while a 
score of 50 meant a "very unfavorable" attitude; varying degrees of 
'•favorableness" or "unf avorableness" were represented by intermediate 
scores. Mean total score response for the pilot sample was 181,5. 

T\\e ITEMPACK program (Campbell & Bohrnstedt) at the University of 
Wisconsin Academic Computing Center was utilized once again, and 
an item analysis was performed on the scale. The internal consistency 
reliability (Cronbach, 1951) of the teacher scale was found to be .96, 
with standard error of r.aasurement of 5,71. This high level of internal 
consistency reliability was not surprising, as many statements were 
merely negations of others. The Cureton (1966) corrected item-to-total 
correlations for individual items on the scale indicated that items 
25, 28, 31, and 44 had very low positive correlations; they were 
eliminated from the scale. A close examination of the remaining 46 
items showed that many were similar in content^^^^F>rfh^ several 
were closely related to a category which mijght be termed "reactions 
to the teaching of problem solving, ^^/^eref ore , the author decided 
to do a more extensive revisiojv^f the teacher scale than had been 
undertaken with the student scale, A set of. 15 additional items 
was written; these l€ems were designed to assess teachers' reactions 
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to those activities related to the teaching of various problem solving 
skills and processes. The items were submitted to the panel of 
reviewers for their examination. In addition, it was decided to 
use a second response format—always, usually, sometimes, seldom, 
never — with some items on the scale. 

The Revised Teacher Scale 

The developmental sequence outlined above resulted in a revised 
40-item teacher mathematical problem solving attitude scale. A copy 
of the scale is included in Appendix D. Thirty-one of the Pilo| 
scale items were used. Nine items were included which dealt with 
the teaching of problem solving skills and processes. The total 
scale is designed to provide a composite measure of several variables 
which reflect an elementary school teacher's attitude toward mathe- 
matical problem solving. 

Concluding Remarks 
This chapter has described the three instruments used in the 
present study. The mathematical problem solving test was developed 
by Romberg and Wearne (Wearne, in preparation). The student and^ 
teacher mathematical problem solving attitude scales were constructed 
by the author, and their development has been described i:n some 
detail. With the availability of instruments desigp^ to measure 
the three main variables of interest in' the stuji/, the questions 
of the study could then be investigated. T)xe next chapter discusses 
the conduct of the study. 



Chapter 5 

THE CONDUCT OF THE STUDY _ ^- 

The design of this study of the relationships between 
certain noncognitivje factors and the mathematical problem solving 
performance 6f fourth-grade children was reported in Chapter 3, 
and.tfie development of the three instruments used in the study 
was discussed in the last chapter. The study was conducted 
according to the plans as described in Chapter 3. However, 
because the study was conducted in schools, not in a laboratory 
setting, certain modifications in the original plans were ne- 
cessitated. The purpose of this chapter is to describe the 
details of the conduct of the study and tc delineate the 
modifications in plans which were necessary. As noted in 
Chapter 3 and Illustrated in Figure 3.1, the study was conducted 
in two parts with two different samples. The conduct of Part I 
is discussed fLrst. 

Part 1 of the Study 
Chapters 1 and 3 described Questions 1-5 of this study. 
Part T was designed to answer those questions. The sample 
and the details o£ the procedures for this part of the study 
are described below. 
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The Sample 

The subjects in the sample for Part I of the study were 30 
fourth-grade teachers and their fourth-grade mathematics classes. 
Fifteen of the teachers and their students were participants 
in the large-scale field test of the Developing Mathematical 
Processes (DMP) program for at least one year prior to the 1975-76 
school year. In addition, they were using the commercial fourth- 
grade DMP materials during the 1975-76 school year. The 15 DMP 
teachers and their mathematics classes were in six schools in 
two different school districts in southern Wisconsin. The re- 
maining 15 fourth-grade teachers and their students who partici- 
pated in Part I of the study were in seven schools in two different 
school districts in southern Wisconsin- These teachers and 
students were not usirig the DMP program, but were using commercially 
available mathematics textbook series. Some of the characteristics 
of the sample are summarized in Table 5.1. In that table. Schools 1-6 

represent cne utir sampxe, ^^ttoo^^ # ^^^^l*^ c 

sample. 

All of the students participating in the study were enrolled 
In fourth-grade mathematics classes. Their teachers were certi- 
ficated elementary teachers with varied educational training and 
teaching experience. Each teacher held at least a bachelor's 
degree, and seven had earned master's degrees. Years of teaching 
experience ranged from 2 to 35; mean number of years taught was 
LI. 8. " . ' 
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TABLE 5.1 

CHARACTERISTICS OF THE SAMPLE FOR THE STUDY 



School' 
No. 


Multiunit 


Enrollment 


Grsdes 
Enrolled 


INU • U i. OXd s o s 

Participating 


Setting 


1 


no 


585 


K-6 


3 


suburban 


2 


no 


354 


K-6 


2 


suburban 


3 


yes 


417 


K-6 


2 


suburban 


4 


yes ^ 


251 


K-6 


2 


suburban 


5 


no 


370 


3-5 


4 


suburban 


. 6 


no 


382 


K-5 


2 


rural 


7 


no 


206 


K-7 


1 


suburban 


8 


yes 


697 


. K-6 


4 


suburban 


9 


yes 


535 


K-6 


3 


suburban 




yes 


159 


K-6 


1 


rural 


11 


yes 


611 


K-6 


4 


suburban 


12 


yes 


160 


K-6 


1 


rural 


13 


yes 


177 


, K-6 


1 


rural 



The Proceduras- ^ - 

During the second week of December, 1975, the three instruments 

of the study were administered to the DMP students and teachers 

participating in Part I of the study. All tests i^re administered 

by the author or by a testing specialist from the University of 

Wtfitonsin Research and Development Center. The testing was carried 

out in the classrooms 6i the participating schools on two different 

days. 
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The mathematical problem solving test was administered on the 
first day. Each group of students was given 45 minutes to respond 
to the 22 three-part items on the test; some students were unable 
to complete all the items in the time allotted. Two days later 
the mathematical problem solving attitude scale was administered 
to the students; administration time was 20 minutes. While students 
responded to the attitude scale, their teachers responded to the 
teacher mathematical ^^roblera' solving attitude scale; response time 
for teachers was appoximately 15 minutes. Both students and 
teachers were given sufficient time to respond to all items on 
the attitude scales. 

The author had hoped to conduct the non-DMP testing immediately 
following that done with the DMP sample. However, the DMP testing 
was completed about one week prior to, the start of the Christmas 
holiday period for the schools in southern Wisconsin. Consequently, 
the author and the principals of the participating non-DMP schools 
decided to delay the testing with those students and teachers until 
after the holiday period. The resumption of the testing schedule 
immediately after the holiday period also was judged unwise. 
Therefore, the non-DMP testing was begun during the second week 
of January, 1976. The same procedures were followed with the 
non-DMP sample as were used with the DMP sample. The mathematical 
problem solving test was given on the first of two testing days in 
each school. In four of thp schools, the matheii,atical problem 
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solving attitude scales were administered two days later. However, 
because of scheduling difficulties in three schools, the attitude 
scales could not be given until four days later. The testing of 
non-DMP students and teachers was completed early in the fourth week 
of January. The time difference in testing of the DMP and non-DMP 
groups was noted, but was not considered serious, since the periods 
immediately prior to and immediately following a long holiday 
vacation typically are not regarded as effective instructional 
periods, 

As noted previously the study was designed to be conducted 
in two parts. This section has described Part I, The next section 
describes Part II, 



The second part of the study was directed at Questions 6 and 7 
as posed In Chapters 1 and 3, Ensuing paragraphs of this section 
describe the sample and the procedures for this part of the study. 

The Sample 

The subjects in the sample for Part II were to be the 15 
fourth-giade teachers and their mathematics students from the 
DMP sample of Part I, Unfortunately, in the duration between 
the first and second testing periods, one of the participating 
teachers resigned. Therefore, the second part of the study was 
conducted with 14 teachers and their students, instead of 15, 



Part II of the Study 
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as originally planned. The non-DMP teachers and students did not 
participate in the second part of the study. 

The Procedures 

As described in Chapter 3, the second part of the study 

/ 

involved two different testing periods (Time 1 and Time 2) /With 
an intervening "treatment" period. The first testing period 
has been described previously. The second testing period commenced 
during the second week of March, 1976. Scheduling difficulties 
and an intervening school vacation period prohibited the com- 
pletion of the second round of testing before the last week of 
March, 1976. 

The testing at Time 2 was conducted in the classrooms of the 
participating schools and occurred on two different school days. 
Tests were administered by the author and the testing specialist 
who had assisted with the testing at Time 1. The mathematical 
problem solving test was administered on the first day; this test 
was an alternate version of that used at Time 1. The basic design 
of the test was identical to that used earlier; however, each of 
the 22 items on the second version had a multiple-choice format. 
A copy of this second problem solving test is given in Appendix B. 
Administration time for the mathematical problem solving test was 
45 minutes, and some students were unable to complete the test in 
the time allotted. 
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Hie mathematical problem solving attitude scales were admin- 
istered to the students and teachers one day after the administration 
of the mathematical problem solving test. Scheduling difficulties 
hindered the allowance of two days between testing times as had 
been done at Time 1; this slight variation in testing times was 
not considered serious. The second problem solving attitude scales 
contained items identical to those used at Time 1; however, for 
this administration, the items on each scale had been re-rah^omized. 
Copies of the second atudent and teacher mathematical problem 
solving atr:itude scales are given in Appendix D. Administration 
times were 20 minutes for the student attitude scale and 15 minutes 
for the teacher scale. Subjects had ample time to respond to all 
items. 

The intervening "treatment" period between Time 1 and Time 2 
lasted approximately 12 weeks. The duration could not be controlled 
precisely because of the difficulties associated with scheduling 
convenient testing times for 14 classes in six different schools in 
two different school) districts. The "treatment" itself consisted 
of a course of study selected from the regular DMP sequence of 
topics tor fourth grAde. The only restriction placed on the "treat- 
ment" was that teachers were to select at least one topic from the 
problem solving strafid of the DMP program; the remaining topics 
were selecte.d from the other content strands (see Appendix A) . 
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Prior to the testing at Time 1 al^asses had covered the DMP 
topics through Topic 52. Irvvesti^Tii^j^^l^roblems ; all but two classes 
had covered two additional topics, notably Topics 53 and 54. Without 
exception, the topic from the DMP problem solving strand which 
teachers elected to cover during the "treatment" period was Topic 57, 
-ru. Numbers 0-999.999. The number of additional topics completed 
during the "treatment" period ranged from two topics in two of 
the classes to five topics in five of the classes. Mean number 
of topics completed was 3.7. All but two classes completed Topic 55. 
Representing Common Fractions . 

Monitoring visits were maTe to four of the" partlcipaclng ' 
schools during the "treatment" period to be certain that the DMP 
topics were actually being taught as requested. These visits were 
made by a mathematics learning specialist in that school district. 
This person was a trained DMP Coordinator (see Montgomery & Whitaker. 
1975) and was knowledgeable of both DMP content and DMP methodology. 
Monitoring visits to the remaining two schools were deemed unnecessary 
as the author had worked closely with the teachers in those schools 
during the preceding school year and was confident of the teachers' 
ability to teach the DMP topics as requested. 

ConcJ. ud in^ Remarks 
This chapter has summarized the conduct of the study. Because 
the setting for the study was in schools and not in a laboratory, 
some changes in the original plans were mandated. However, these^ 
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changes were not major, and the basic design of the study was un- 
altered from the time of its conception through its conduct. The 
data gathered according to the details described in this chapter 
were analyzed according to plans described in Chapter 3. The next ^ 
chapter discusses the analysis and interpretation of the data. 
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Chapter 6 

ANALYSIS AND \ INTERPRETATION OF THE DATA 

' Previous chapters of this paper have described the details of 

i 

tie present investigation up to and including the conduct of the 
study. The purpose of this chapter is to discuss the analysis and 
interpretation of the data gathered according to the procedures 
described in Chapter 5. As noted earlier, the study was conducted 
in two parts. To facilitate the discussion, this chapter also is 
organized in two parts and begins with the analysis and inter- 
pretation of the data which were gathered to answer the questions 
of Part I of the study. 

Analysis and Interpretation of the Data for Part I 
Five main questions served as the foci around which the first 
part of the study was conducted and the data were analyzed. Each 
of those questions and its related ancillary questions are repeated 
here; following each is a presentation and discussion of the data 
pertaining to that question. 

Data for Question 1 

The first question of the study was: Do fourth-grade students 
have favorable attitudes toward problem solving? In order to answer 
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this question, a mathematical problem solving attitude scale was 
administered to students in 30 fourth-grade mathematics classes 
in 13 Wisconsin schools. 

The student mathematical problem solving attitude scale con- 
sists of 36 items with Likert format. The scale has two.. parts > 
Part I has 12 items designed to provide an "informal" measure of 
attitude. Part II consists of 24 items designed to provide a "formal" 
and more specific measure of the attitude. The total scale, then, 
provides a composite measure of a number of variables which in- 
fluence a fourth-grade student's attitude toward mathematical 
problem solving. A copy of the scale is included in Appendix D. 

For scoring the student mathematical problem solving attitude 
scale, Item responses of each student are coded on a five-point scale 
ranging from a score of 5 for the most favorable response to 1 for 
the most unfavorable response. Table 6.1 summarizes the scoring 
for each part of the scale and the total scale. A total scale 
score of 180 represents the most favorable attitude toward problem 
solving, a score of 108 signifies a neutral attitude, and a score 
of 36 represents tli"^most unfavorable attitude; varying degrees of 
favorableness or unf avorableness are represented by intermediate 
scores. As a measure of students' reactions to general types of 
maLliematlcs problems, Part [ of the scale allows scores ranging 
from 60 lor most favorable to 12 for most unfavorable, with a 
scori." of 36 representing a neutral attitude. Part II of the 
scale assesses students'"' reactions to specific problem situations 
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TABLE 6.1 

SCORING FOR THE STUDENT MATHEMATICAL 
PROBLEM SQLVING ATTITUDE SCALE 



Nature of 


Part I 


Part II 


Total 


Attitude 


Score 


Score 


Score 


Most Unfavorable 


12 


24 


36 


Unfavorable 


24 


48 


72 


Neutral 


36 


72 


108 


Favorable 


48 


96 


144 


Most Favorable 


60 


120 


180 



and problem solving techniques and permits scores ranging from 
120 for most favorable to 24 for most unfavorable, with a score 
of 72 indicating a neutral attitude. 

Table 6.2 gives a summary of the mathematical problem 
solving attitude scores for the 619 studencg-i^mo respondev-i to 
the -scales As indicated in the table, the attitude scores of 
the fourth-grade students in the sample ranged from unfavorable 
to very favorable on each of the two parts of the scale and on 
the total scale. A comparison of the reported mean scores with 
the scoring summary in Table 6.1 indicates that each mean score 
lies in the interval between a neutral attitude toward mathematical 
problem solving and a favorable at:titude toward mathematical 
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TABLE 6.2 

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES 
OF STUDENTS IN SAMPLE POPULATION (N = 619) 



Scale Part 


Minimum 


Maximum 


Mean 


St. 


Dev , 


I (Informal) 


12.0 


60.0 




8 


.4 


II (Formal) 


38,0 


116.0 


85.9 


12 


.9 


Tota i (Compos Lit) 


52.0 


176.0 


129,6 


18 


.9 



problem solving. However, each mean score is closer to chat indicating 
a favorable attitude than to that indicating a neutral attitude. Thus, 
the fourth-grade students in the sample seemed to possess favorable 
attitudes toward mathematical problem solving as reflected by the 
scores on the attitude scale used in the study. 

Following the administration of the student mathematical problem 
solving attitude scale an item analysis was performed on Part I, 
Part II, and the total scale by using the ITEMPACK Program (Campbell & 
Bohrnstedt) at the University of Wisconsin Academic Computing Center. 
Cronbach's Alpha (Cronbach, 1951), a measure of the internal con- 
sistency reliability of an instrument, was computed for each part 
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of the scale. For Part I. the reliability coefficient was .85; for 
Part II it was .82; the total scale reliability coefficient was .88. 
These reliability estimates were judged to be quite satisfactory. 
Complete results of the item analysis, including the Cureton (1966) 
item-to- total correlations, are given in Appendix E. 

Nunnally (1967) has observed that, for instruments which assess 
verbalized attitude, content validity is the major issue; further- 
more, he maintains that content validity may be inferred if an 
instrument is developed using a representative collection of items 
and if a sensible method of construction is followed. Both of 
these criteria were met for the student mathematical problem solving 
.attitude scale; the careful development of the scale was described 
in detail in Chapter 4. Another type of validity is face validity, 
chat is, a judgment regarding whether an instrument appears to 
measure what it purports to measure (Sax, 1974). The face validity 
of the student scale was assured as a result of the review by a 
panel of judges as described in Chapter 4. Other forms of validity, 
such as concurrent or construct validity are best established 
through repeated use of the instrument in conjunction with other 
instruments designed to measure the same or similar traits. 

One of the two ancillary queries related to Question 1 of the 
study was the following: Do differences in attitude toward 
problem solving exist if students are classified by sex? The 
second ancillary query was: Do differences in attitude toward 
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problem solving exist if students are classified by mathematics 
program type: DMP versus non-DMP? In an effort to answer these 
questions, sex-by-program type analyses of variance were performed 
on the student attitudinal data. Tables 6.3 through 6.7 summarize 
the results of the analyses of variance. Table 6.3 shows the 
problem solving attitude scores of students categorized by sex, 
and the scores categorized by program type are given in Table 6.4, 
The ANOVAs for Part I, Part II, and Total attitude scores are 
shown in Tables 6.5, 6.6, and 6.7, respectively. As indicated in 
T.able 6.3, mean attitude score for boys was slightly higher than 
that for girls on Part I of the scale, while for Part II, the 
girls' mean score was slightly higher than that of the boys. On 
the total scale, the mean total score for girls was again slightly 
higher than that of the boys, although boys had higher minimum 
and maximum scores than did the girls. According to the ANOVAs 
in Tables 6.5,, 6.6, and 6.7, none of the indicated differences 
was significant at the .05 level. 

As noted previously in this paper, 15 of the 30 classes in 
the study were using the Developing Mathematical Processes (DMP) 
curriculum materials; the remaining 15 were not. Table 6.4 
shows that when the mathematical problem solving attitude scores 
ot students were categorized by program type, the mean scores of 
the non-DMP sample were slightly higher than those of the DMP 
sample for each of the two parts of the scale and for the total 
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TABLE 6.3 

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS 
CATEGORIZED BY SEX (N = 619) 



pnvs (N = 334) Girls (^^ = 28^). 



Scale Part 


Min . /Max 


Mean 


S. 


D. 


Min/Max 


Mean 


S. 


D. 


I (Informal) 


12/60 


44.0 


8 


.5 


14/60 


43.4 


8. 


3 


II (Formal) 


42/116 


85.4 


12 


.6 


38/116 


86.5 


13. 


1 


Total 


58/176 


129.4 


18 


.6 


52/172 


129.9 


19 


2 



TABLE 6.4 



MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS 
CATEGORIZED BY PROGRAM TYPE: DMP VERSUS NON-DMP (N= 619) 



DMP (N = 324) non-DMP (N = 295) 



Scale Part 


Min . /Max . 


Mean 


S. 


D. 


Min . /Max . 


Mean 


S. 


D. 


I (Informal) 


'19/60 


43.0 


7 


.9 


12/60 


44 . 5* 


8 


.8 


II (Formal) 


45/116 


85.7 


12 


.6 


38/114 


86.2 


13 


.2 


Total 


69/176 


128.6 


18 


.9 


52/172 


130.7 


19 


.2 



*significant at p < .05 
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TABLE 6.5 
ANOVA FOR PART I ATTITUDE 



O • tt ^ 4^ 

Dource 


df 


MS 


F 


P < • 


Sex 


1 


29.19 


.42 


.5174 


Program Type 


1 


411.33 


5.91 


.0153 


Sex X Program Type 


1 


445.47 


6.40 


.0117 


Error 


615 


69.59 










TABLE 6.6 








ANOVA 


FOR PART II 


ATTITUDE 




Source 


df 


MS 


F 


p < 


Sex 


1 


220.79 


1.34 


.2483 


Program Type 


1 


76.96 


.47 


.4953 


Sex X Program Type 


1 


462.16 


2.80 


.0950 


Ei^r 


615 


165.33 
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TABLE 6.7 








ANOVA 


FOR TOTAL 


ATTITUDE 




Source 


df 


MS 


F 


P < 


Sex 


1 


89.41 


.25 


.6152 


Program Type 


1 


844.13 


2.39 


.1228 


Sex X Program Type 


1 


1815.11 


5.13 


.0238' 


Error 


615 


353.57 







scale. As indicated by the ANOVAs in Tables 6.5., 6.6, and 6.7, 
the differences in mean response were significant at p < .05 only 
for Part I of the scale. Because of the small size of the dif- 
ferences in mean scores, it would seem that little practical 
significance should be attached to these differences. ^ 

Table 6.8 presents the mathematical problem solving attitude 
scores of students categorized by sex within program type. Mean 
response of non-DMP girls was consistently higher than that of 
the other three groups on each of the three scores- In the DMP 
sample, the mean response of boys was higher than that of girls 
on each of the three scores. As might be suspected from the 
ANOVAs in Tables 6.5 and 6.7, there was a significant (p < .05) 
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TABLE 6.8 

- MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS 
CATEGORIZED BY SEX WITHIN PROGRAM TYPE 



DMP 



non-DMP 



Scale Part Boys (N^ITO) Girls (N-154) Boys (N=164) Girls (N=13l) 



I (Informal) 










Mean 
S.D. 


44. 0 
7.8 


41.9 
7.9 


44.0 
9.2 


45.2 
8.3 


II (Formal) 










Mean 
S.D. 


85.9 
12.1 


85.4 
13.2 


84.9 
13.2 


87.8 
13.0 


Total 










Mean 
' S.D. 


129.9 
17.9 


127.2 
19.2 


128.8 
19.3 


133.0 
18.9 



sex-by-prograra type interaction for Part I and the Total scale scores]; 
a similar interaction can be noted for the Part II scores, although 
this interaction would be significant only if the significance level 
were lowered to .10 (see Table 6.6.). Though interesting, these 
interactions probably have little practical significance except to 
indicate that the two samples were, in some way, different; the 
differences may result from the samples not having been randomly 
chosen- 
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Data for Question 2 

The second question of the study was the following: Do fourth- 
grade teachers have favorable attitudes toward problem solving? 
In an attempt to answer this question, a teacher mathematical problem 
solving attitude scale was administered to the teachers of the 30 
fourth-grade mathematics classes involved in the first part of the 
study • 

The teacher mathematical problem solving attitude scale consists 
of 40 items with Likert format. Thirty-one of the items assess 
teachers' reactions to types of mathematics problems, problem 
situations, and frustration or anxiety experienced when solving 
problems. The remaining items assess teachers' feelings with 
respect to the teaching of various problem solving skills and 
processes. The total scale is designed to provide a composite 
measure of several variables which reflect an elementary school 
teacher's attitude toward mathematical problem solving. 

The scoring of the teacher scale is similar to that of the 
student attitude scale. Item responses are coded on a five-point 
scale, ranging from a score of 5 for the most favorable response 
to 1 for the most unfavorable response. Table 6.9 presents a 
summary of the scoring for the teacher attitude scale. A total 
scale score of 200 represents the most favorable attitude toward 
problem solving, a score of 120 signifies a neutral attitude, and 
a score of 40 indicates the most unfavorable attitude. Varying 
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TABLE 6.9 

SCORING FOR THE TEACHER MATHEMATICAL 
PROBLEM SOLVING ATTITUDE SCALE 



Nature of Attitude 


Score 


Most Unfavorable 


40 


Unfavorable 


80 


Neutral 


12G 


Favorable 


160 


Most Favorable 


200 



degrees of f avorableness or unfavorableness are represented by 
intermediate scores. 

Table 6.10 presents information about the mathematical 
problem solving attitude scores of the 30 teachers involved in 
Part I of the study. The attitude scores of these fourth-grade 
teachers ranged from what might be termed ''slightly" favorable 
to "very" favorable, as evidenced by the minimum score of 134 and 
the maximum recorded score of 175). The mean score for the sample 

indicates that these teachers did possess favorable attitudes 

t 

toward mathematical problem solving as measured by the teacher 
scale used in the study. 
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TABLE 6.10 



MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES 
OF TEACHERS IN SAMPLE (N - 30) 



Min./Max. 


Mean 


St. Dev. 


134/175 


156.5 


9.6 



An ancillary question related to Question 2 was the following: 
Do differences in attitude toward problem solving exist if teachers 
are classified by type of mathematics program taught: DMP versus 
non-DMP? The results of categorizing the problem solving attitude 
scores of the teachers in the sample by program type are shown in 
Table 6.11. 

t 

TABLE 6.11 

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF TEACHERS 
CATEGORIZED BY TYPE OF PROGRAM TAUGHT: DMP VERSUS NON-DMP 



Program Type 




Min./Max. 


Mean 


St. Dev. 


DMP (N = 


15) 


141/175 


158.9 


9.4 


Non-DMP (N 


= 15) 


134/165 


154.1 


9.6 
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The data reported in this table indicate that, though both groups of 
teachers had favorable attitudes toward problem solving, the attitudes 
of the DMP teachers were slightly more favorable than those of the 
non-DMP teachers • However, it is obvious from the data in Table 6.11 
that the difference in mean scores is not significant. 

The ITEMPACK program (Campbell & Bohrnr-tedt) was used to perform 
an item analysis on the teacher mathemtical problem solving attitude 
scale after its administration. The internal consistency reliability 
(Cronbach, 1951) of the scale was found to be .80. Though the re- 
liability estimate was somewhat lower than anticipated, it was judged 
to be satisfactory, given the relatively small sample size (N = 30) 
on which the item analysis was based. A possible explanation for the 
lower than expected reliability estimate can be attributed to the 
fact that six items on the scale had negative Cureton (1966) item- 
to-total correlations. More detailed results of the item analysis 
for the teacher scale are found in Appendix E. 

As noted in Chapter 4, the teacher mathematical problem solving 
attitude scale was developed according to the same plan as the 
student attitude scale. Because of its careful development, content 
validity and face validity of the scale may be inferred (Nunnally, 
1967). Other types of validity, such as concurrent or construct 
validity may be inferred for the instrument as it receives use 
with other populations in conjunction with measures of the same 
or similar traits. 
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Data for Quest iffh 3 

The third question investigated in this study was: How do 
fourth graders perforin on a test of problem solving performance 
which provides measures of comprehension, application, and problem 
solving? In order to answer this question, a mathematical p^ollem 
solving test developed by Romberg and Wearne (see Wearne, in 
preparation) was administered to the students in the 30 fourth- 
grade mathematics classes participating in Part I of the study. 

The mathematical problem solving test was described in detail 
in Chapter 4. Each of the 22 three-part items on the test contains 
a comprehension, an application, and a problem solving question. 
Thus, three separate scores, rather than a single total score, are 
reported for each child. Table 6.12 lists the Hoyt reliability 
estimates for each of the parts of the problem solving test for 
the DMP and non-DMP samples; total test reliabilities are also 
included in the table. A complete discussion of the psychometric 
properties of the .jest can be found in Wearne (in preparation). 

The results of the administration of the mathematical problem 
solving test are summarized in Table 6.13. The comprehension items 
on the test assess a child's understanding of information presented 
either explicitly or implicitly in the item stem. As Table 6.13 
indicates, the mean number of comprehension items solved correctly 
by the students in the fourth-grade sample was 15.00. The application 
items on the tests involve fairly straightforward applications of a 
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TABLE 6.12 

liOYT RELIABILITIES OF MATliEMATICAL PROBLEM SOLVING TEST 
FOR DMP AND NON-DMP SAMPLES 



Number of Reliability Standard 
^""^^ Items Error 



Comprehension 22 . 63 . 1.9 

DMP Application 22 .71 2.0 

Problem Solving 22 .60 1.6 

Total Test 66 .84 3.2 

Comprehension '22 .74 1.9 



NON- Application 22 .79 , 1.9 

DMP ^ 

Problem Solving 22 .64 1.5 

Total Test 66 .89 3.1 



TABLE 6.13 

MATHEMATICAL PROBLEM SOLVING PERFORMANCE SCORES 
OF STUDENTS (N = 611) 



Items 



Comprehension 
Application 
Problem Solving 



Number 
of Items 



22 
22 
22 



Min./Max. 



2/22 
1/20 
0/15 



Mean 



15.00 
9.50 
3.19 



St. Dev. 



3.5 
3.9 
2.5 
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rule or concept to a situation. The mean number of application items 
solved correctly was 9.50. Each of the problem solving items on the 
test presents a situation which involves other than a routine applica- 
tion of some principle; and so, neither the solution nor the method 
of solution is readily apparent. The mean number of problem solving 
items correctly solved by the fourth graders in the sample was 3.19. 
The decree in mean number of problems solved correctly for each 
of the types listed in Table 6.13 is not surprising, but, rather 
is to be expected since each application item is more difficult than 
its preceding comprehension item, and each problem solving item is 
more difficult than its preceding application item. 

One of the ancillary queries related to Question 3 of the study 
was the following: Do differences in problem solving performance 
exist when students are classified by sex? .The second ancillary 
query was : Do differences in problem solving performance exist when 
students are classified by mathematics program type: DMP versus 
non-DMP? In an attempt to answer these two questions, sex-by- 
program type analyses of variance were performed on the student 
comprehension, application, and problem solving data. Tables 6.14 
to 6.18 summarize the results of this phase of the data analyses. 
Table 6.14 gives the problem solving scores of students categorized 
by sex, and the problem solving scores of students categorized by 
progium type are shown in Table 6.15. The results of the ANOVA 
for the comprehension, Che application, and the problem solving , 
scores are shown in Tables 6.16, 6.17, and 6.18, respectively. 
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TABLE 6,14 

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS 
CATEGORIZED BY SEX 



Comprehension 
Application 
Problem Solving 



Boys (N=331) 



Girls (N=280) 



Min./Max. Mean St. Dev. 



Min./Max. Mean St. Dev. 



4/22 


14.80 


3.6 


2/22 


15.25 


3.3 


2/20 


9.54 


4.0 


1/19 


9.43 


3.8 


0/15 


3.27 


2.7 


0/15 


3.10 


2.2 
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TABLE 6.15 

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS 
CATEGORIZED BY PROGRAM TYPE 



Items 

Comprehension 
Application 
Problem Solving 



DMP (N=316) 



Non-DMP (N=295) 



Min. /Max 



Mean St. Dev. Min. /Max Meai\ St. Dev. 



7/22 15.52* 3.1 
2/20 9.99* 3.6 

0/15 3.27 2.4 



2/22 
1/19 
0/15 



14.46 3.8 
8.95 4.2 
3.11 2.5 



* Significant at p < . 01 
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TABLE 6.16 
ANOVA FOR COMPREHENSION SCORES 



Source 



df 



p < 



Sex 

Program Type 

Sex X Program Type 

Error . 



1 


29 


93 


2.55 


.1111 


1 


152 


17 


12.95 


.Q003 


1 


45 


91 


3.91 


.0486 


607 


11 


.75 







TABLE 6.17 
ANOVA FOR APPLICATION SCORES 



Source 



Sex 

Program Type 

Sex X Program Type 

Error 



df 



I 

1 

1 

607 



MS 



1.79 
151.53 
52.87, 
15.06 



.12 
10.06 
3.51 



< 



.7301 
.0016 
.0615 



TABLE 6.18 
ANOVA FOR PROBLEM SOLVING SC(mES 



Source 



df 



Sex 1 

Program Type 1 

Sex X Program Type 1 

Erfor 607 



MS 



4.44 
3.77 
1.90 
6.19 



.72 
.61 
.31 



P <- 



.3975 
.4353 
.5799 



99 



Table 6.14 shows that the mean comprehension score for girls was 
higher than that for boys, but, as evidenced by the ANOVA for 
comprehension in Table 6.16. this difference was not significant 
at tKe .05 level. Table 6.14 also indicates that boys' mean 
application and problem solving scores were higher than those of 
the girls in the sample, but the differences in performance were 
not significant (see Tables 6.17 and 6.18). 

When the mathematical problem solving scores of students were 
categorized by program type (Table 6.15) DMP students' performance 
was better than that of the non-DMP students on each part of the 
problem solving test. The ANOVAs in Tables 6.16, 6.17, and 6.18 
indicate that the differences in performance were significant at 
the .01 level for comprehension and application scores, but were 
not significantly different for problem solving scores at this 

or the .05 level. 

Table 6.19 presents the problem solving scores of students 
categorized by sex within program type. Mean performance of DMP 
boys was consistently higher than that of DMP girls on each of the 
three parts of the test. On the other hand, in the non-DMP sample, 
"the mean performance of girls was higher than that of boys on 
comprehension and application, but the mean problem solving score 
of boys was higher than that of girls. Table 6.16 shows that there 
was a significant (p < .05) sex-by-program type interaction for the 
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TABLE 6.19 



MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS 
CATEGORIZED BY SEX WITHIN PROGRAM TYPE 



Non-DMP 



Boys (N=168) Girls (N=148) Boys (N=163) Girls (N=132) 



Comprehension 










Mean 


15.57 


15.46 


14.01 


15.01 


St. Dev. 


3.2 


3.1 


3.9 


3.5 


Application 










Mean 


10.32 


9.62 . 


8.73 


9.21 


St. Dev. 


3.7 


3.5 


4.1 


4.2 


Problem Solving 










Mean 


3.41 


3.12 


3.14 


3.08 


St. Dev. 


2.7 


2.1 


2.7 


2.4 
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comprehension results and a similar interaction approaching 
significance (p < .06) for the application results. No such 
interaction was apparent with respect to the problem solving scores. 

Data for Question 4 

The fourth question of the study was as follows: What is the 
relationship between fourth-grade students' attitudes toward problem 
' solving and their performance in' problem solving? The DSTAT2 program 
(Wetterstrand. Learn, & Wolfe, 1973) at the University of Wisconsin 
Academic Computing Center was used to calculate several correlation 
matrices in an effort to answer this question and its ancillary 
queries. The DSTAT2 program computes a covariance matrix between 
two variables using the following computational formula: 

ij N-1 "1 i "J i 

In this formula m^^ represents the i. j element in the matrix. 
This covariance matrix is then used to compute a product moment 
correlation matrix with i,j''^ element according to the following 
formula : 



/m, .m. . 

22 

The program utilizes a bivariato sub'sample method for missing data; 
each subsample consists of data pairs in which the data values for 
both variables in the pair are present. 
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Another option of the DSTAT2 program is the use of a transforma- 
tion recommended by Hayes (1973) for testing the significance of a 
given correlation coefficient. This algorithm is Fisher's Z-trans- 
formation and is defined by the following formula: 



Corresponding to each value of Z^^ is a significance test probability 
which is the probability that a unit normal variate is greater than 
Iz I If the test probability is less than a given level of sign- 
ificance, then the corresponding correlation is significantly different 
from zero at the given significance level. The Fisher Z-transf ormation 
was used as a test of significance for the correlation coefficients 
in the present study. 

The correlation matrix for students' mathematical problem solving 
attitude and performance scbres is presented in Table 6.20. Correlations 
between the three student attitude scores and the three problem solving 
scores are shown in the table. Significant positive correlations 
(p < .01) exist between each of the attitude scores and each of the 
problem solving scores. Aside from the strong intercorrelations 
which exist between the various parts of each instrument, the strongest 
correlations are found between students' Part II attitude scores and 
and their comprehension, application, and problem solving scores. 
Part II of the attitude scale assessfes students' reactions to such 
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TABLE 6.20 



CC«RE1ATI0N MATRIX FOR STUDENTS ' MATHEMATICAL PROBLEM SOLVINS 
ATTITUDES AND MATHEMATICAL PROBLEM SOLVING PERFORMANCE 

(N = 579) 



Att. I Att. II Comp. Appl. Prob. S 



Att. I 


1.00 










Att. II 


.55* 


1.00 








Total Att. 


.82* 


.93* 


1.00 






Comp . 


. 12* 


.24* 


.21* 


1.00 




Appl . 


.15* 


.31* 


27* 


.69* 


1.00 


^rob. S. 


. 15* 


.25* 


.23* 


.49* 


.69* 1.00 



★significant at p < .01 

things as problem solving techniques or problem situations, and to 
the frustration or anxiety experienced when confronted with various 
problem solving situations. 

One of the ancillary queries related to Question 4 of the study 
was: Do differences in this relationship (between attitudes -toward 
problem solving and performance in problem solving) exist if students 
are classified by sex? Table 6.21 summarizes th6 correlations be- 
tween student attitude and problem solving scores classified by sex. 
As evidenced by the data in the table, significant positive . 
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TABLE 6.21 

CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES AND STUDENT PROBLEM 
SOLVING SCORES CLASSIFIED BY SEX 









Attitude 






Problem Solving 










I teniB 


Part I 


Part. II 


Total 




Comprehension 


.11** 


.33** 


.27** 


Boys 


Application 


.17** 


.36** 


.32** 


(N=:M2) 








.25** 


Problem Solving 


.15** 


.27** 




Comprehension 


.13* 


.12* 


.14* 


Girls 








.21** 


Application 


.12* 


.24** 


(N=267) 








.22** 


Problem Solving 


.15* 


.23** 



*rslgnif icant at p < .05 
** significant at p < .01 



correlations exist, for 'both boys and girls, between each of the attitude 
scores and each of the problem solving scores. Though all correlations 
for the boys' data are significant at the .01 level, some correlations 
in the girls' data ire significant only at the .05 level. The 
correlations between boys' Part II and Total attitude scores and each 
of their problem solving test scores are clearly higher than those of 
the girls for corresponding scores. However, the correlation between 
girls'- Part I attitude scores and their comprehension scores is higher 
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than that of^ the boys; the girls' correlation is .significant only at 
the .05 level, while that for the boys is significant at the .01 
level. . This seeming 'inconsistency in significance levels can be 
explained because there were fewer girls than boys in the sample, 
and the Fisher Z-transf onnation used for the significance test is 
dependent upon the number of subjects in the sample. 

The second ancillary query for Question 4 was the following: 
Do differences in this relationship (between attitudes toward problem 
sql:^ing and performance in problem solving) exist if students are 
classified by mathematics program type: PMP versus non-DMP? The . 
correlations between student attitude and problem solving scores 
classified by program type are shown in Table 6.22. As the table 
indicates, all correlations are positive. However, those for the 
non-DMP sample are all significant at the .01 level and are clearly 
stronger than those of the DMP sample. Only four of the correlations 
were significant at the .01 level for the DMP sample, and very weak 
relationships are shown between Part I and Total attitude scores 
and the comprehension scores for the DMP sample. 

Exploratory Analyses for Question 4 

As a result of the rather weak relationships found between DMP 
student problem solving attitude and performance (see Table 6.22). 
additional data analyses were undertaken to explore those relation- 
ships. In an analysis o£ the psychometric characteristics of the 
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TABLE 6.22 

" CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES 'aND STUDENT 
PROBLEM SOLVING SCORES QLASSIFIED BY PROGRAM TYPE 





Problem Solving 
Test 




At"t"i f"iiHp» 

/\ t L. X U \X\X C 






Part I 


Part II 


Total 




Compr ehens ion 


.03 


.12* 


.09 


DMP 


Application 


.11 


.17** 


.16** 


(N»302) 


Problem Solving 


.12* 


.16** 


.16** 




Compr ehens ion 


.21** 


.35** 


.34** 


non-DMP 


Application 


.20** 


.43** 


.39** 


'(N-277) 


Problem Solving 


18** 


.34** 


.31** 



* significant at p < .05 
** significant at p < .01 



mathematical problem solving test, Wearne (in preparation) performed 
a cluster analysis on the DMP problem solving test results obtained , 
in the present study. Using Ward's cluster analysis procedure (see 
Johnson, 1967), four clusters of students were identified. Two of 
those clusters were of interest for the exploratory analyses described 
here. The first cluster included 15 students who had shown high 
performance on the problem solving test; the mean scores for those 
Students, are shown in Table 6.23. The second cluster included 91 
students who had demonstrated low performance on the problem solving 
test; their mean scores are also shown in Table 6.23. 
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TABLE 6.23 

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS 
IN HIGH (N=15) AND LCW (N=91) CLUSTERS 



Cluster 


Items 


Mean 


Standard Deviation 




Cpmprehens ion 


19.46 


1.9 


High 


Application 


16.92 


1.8 




Problem Solving 


10.07 


1.9 




Comprehension 


11.93 


2.1 


Low 


Application 


6.27 


1.7 




Problem Solving 


1.59 


1.1 



The high cluster and the low cluster were utilized because it 
was felt that the problem solving attitudes of the students in those 
clusters, might be more predictable than those in the other two 
clusters; that is, one would expect good problem solvers to have 
favorable attitudes toward problem solving and poor problem solvers 
to possess less than favorable attitudes toward problem solving. 
As indicated in Table 6.24,' those conjectures were indeed borne out 
by the data for the high and low problem solving clusters. Students' 
mean total attitude score- in the high cluster was approximately 13 
points above the mean score for the DMP sample (see' Table 6.4). 
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TABLE 6.24 

MATHEMATICAL PROBLEM SOLVING ATTITUDE 'SCORES OF 
STUDENTS IN HIGH (N=13) AND LCW (N=82) CLUSTERS 



Scale Mean Standard 

Cluster p^^^ Mean Deviation 



I (Informal) 47.8 8,5 

High II (Formal) 93.8 10.4 

Total 141.6 16.5 

I (Informal) 42.7 7.3 

Low II (Formal) 84.5 10.2 

Total 127.2 14.5 



The mean total attitude score of students in the low cluster was 
about two .points below the mean for all DMP students in the sample. 

Product moment correlations were also computed between student 
attitude scores and student problem solving scores within the high 
and low clusters. These are given in Table 6,25. Within the low 
cluster correlations were weak, and rather inconsistent; for^ students 
who are poor problem solvers this result is, perhaps, not surprising. 
Within the high cluster, .'the correlations between attitude scores 
and comprehension scores were negative; on the other hand, for the 
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TABLE 6.25 



CORRELATIONS BEWEEN STUDENT ATTITUDE SCORES /JTO STUDENT PROBLEM 
SOLVING SCORES WITHIN HIGH AND LOW CLUSTERS 



Clus ter 


Problem Solving 




Attitude 




Items 


Part I 


Part II 


Total 




Comprehension 


-.15 


-.38^ 


-.32 


Hist 


Application 


.36 




.28 




Problem Solving 


.32 


.24 


.32 




Comprehension 


-.19 


-.01 


-.10 


>^ Low 


Application 


.15 


.11 


.15 




Problem Solving 


.10 


.01 


.05 



alpplication and problem solving scores, the correlations were positive 
^nd somewhat stable. The results for the high cluster seem to in- 

! 

dicate a negative relationship between attitude scores and scores on 
those problem solving items which good problem solvers might not find 
particularly interesting; however, for the items that better problem 
solvers might find intriguing, there were stronger correlations 
between attitude and performance. 

1 The results of the additional analyses performed with the DMP 
sajnple suggest that, with groups of students for whom there are 
marked differences in problem solving performance, there are also 
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differences in problem solving attitude. These results seem to 
indicate that, at least for this sample, differences in problem 
solving attitude may be dependent upon who the students are, 
that is, whether good, poor, or other types of problem solvers. 
The results also suggest that the relationships between problem^ 
solving attitude and performance may vary according to the caliber 
of students' problem solving performance. 

Data for Question 5 

The fifth question of the study was the following: Wha,t is 
the relationship between fourth-grade teachers' attitudes toward 
problem solvi^g and their students' performance in problem solving? 
In order to answer this question, mean student scores were calculated 
by class for each of the three parts of the problem solving test. 
Table 6.26 summarizes the teacher attitude scores and the mean 
student problem solving scores by class. In an effort to determine 
the relationship between the teacher scores and the mean student 
scores, product moment correlations were computed. Those correlations 
are presented in Table 6.27. For the fourth-grade classes involved 
in the present study, very weak and npn-signif icant negative re- 
lationships existed between teachers' problem solving attitudes 
and their students' mean problem solving performance on each of 
the three parts of the mathematical problem solving test. 
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'EABLE 6.26 

TEACHER ATTITUDE SCORES AND MEAN STUDENT 
PROBLEM SOLVING SCORES BY CLASS 



Class 
No. 



Class 
Size 



Teacher 

Attitude 

Score 



Compre- 
hension 



Mean Student Scores 



Appli- 
cation 



Problem 
Solving 



1- 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
i6 
17 
18 
19 
20 
21 
22 
23 
24 
23 
26 
27 
28 
29 
30 



24 
19 
25 
11 
26 
27 
9 
12 
21 
20 
21 
24 
24 
31 
22. 
32 
23 
23 
22 
23 
24 
24 
23 
14 
8 
8 
11 
15 
20 
• 25 



159 

149 

170 

141 

160 

175 

164 

156 

145 

158 

167 

159 

157 

154 

169 

160 

159 

165 

144 

163 

158 

163 

142 

134 

141 

155 

155 

165 

154 

153 



13.08 

16.32 

13.84 

18.55 

15.35 

14.67 

17.11 

16.83 

16.00 

14.90 

15.95 

16.75 

16.00 

16.23 

14.55 

12,03 

16.77 

14.86 

14.50 

15.76 

15.38 

13.18 

14.83 

10.77 

17.86 

13.25 

13.36 

15.73 

16.85 

14.28 



8.33 
12.58 
8.32 
13 . 64 
9.42 
8.63 
13.67 
12.17 
9.71 
8.80 
10.33 
10.33 
9.79 
11.65 
7.86 
8.06 
12.36 
9.38 
7.06 
9.81 
9.86 
8.09 
9.00 
5.23 
14.00 
5.37 
8.36 
9.73 
11.20- 
§.12' 



46 
11 
12 
73 
85 
63 
78 
67 
38 
2.90 
3.76 
3.75 
2.83 
3.68 
1.82 
2.87 
4.91 



76 
69 
29 
29 
14 
57 
23 
6.57 
1.62 
2.27 
2.93 
3 .95 
2.80' 
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TABLE 6. 27 

CORRELATIONS BETWEEN TEACHER MATHEMATICAL 
PROBLEM SOLVING ATTITUDE AND MEAN STUDENT 
MATHEMATICAL PROBLEM SOLVING PERFORMANCE 



Comprehens ion App lica tion Prob lem So Iving 



Teacher Attitude -•OS -.06 



The first ancillary query related to Question 5 was: Do 
differences in this relationship (between teachers' attitudes 
toward problem solving and their students' performance in problem 
solving) exist if students are classified by sex? Table 6.28 
gives the product moment correlations that were calculated between 
teacher attitude scores and the mean problem solving scores for 

TABLE 6.28 

CORRELATIONS BETWEEN TEACHER MATHEMATICAL 
PROBLEM SOLVING ATTITUDE AND MEAN MATHEMATICAL 
PROBLEM SOLVING PERFORMANCE: BOYS VERSUS GIRLS 



Girls Boys 



Comp. Appl. Prob. S. Comp. Appl. Prob. S. 



Teacher Attitude .08 .10 .16 -,16 -.17 -•19 
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the boys and girls in their (tlasses. The correlations in this 
table suggest a weak, non-significant positive relationship between 
girls' problem solving performance and their teachers' attitudes 
toward problem solving. On^ the other hand, the data in the table 
suggest a weak,, non-significant, negative relationship between 
boys' problem solving performance and their teachers' attitude 
toward problem solving. The data here must be viewed and inter- 
preted with some caution, however, as three of the participating 
classes had fewer than 10 students. Thus, cell sizes are extremely 
small for several classes when computing mean performance by sex 
of the student. The findings in Table 6.28 are suggestive at best. 

The second ancillary query for Question 5 of the study was as 
follows: Do differences in this relationship (between teachers' 
attitudes toward problem solving and their students' performance 
in problem solving) exist if students are classified by mathematics 
program type: DMP versus non-DMP? In the descriptive statistics 
presented earlier in Table 6.26, classes 1-15 are from the DMP 
sample, and classes 16-30 are from the non-DMP sample. The 
correlation coefficients between teacher attitude and mean student 
performance by program type are given in Table 6.29. Strong 
negative relationships existed between DMP teacher attitudes and 
the problem solving performance of their students. Using the 
Fisher Z- trans formation as a significance test, the correlations 
between DMP teachet attitude and the mean comprehension and 
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TABLE 6.29 



CORRELATION BET^VEEN TEACHER MATHEMATICAL 
PROBLEM SOLVING ATTITUDE AND MEAN STUDENT 
MATHEMATICAL PROBLEM SOLVING PERFORMANCE: DMP VERSUS NON-DMP 



DI^ Non-DMP 



Comp. \ Appl. Prob. S. Comp . Appl... Prob. S. 



Teacher Attitude -^9* -55* -.47 .16 _ . 18 .19 



* Significant at p < .05 

■J 

application scores of their students were found to be significant at 
the .05 level; the correlation between DMP teacher attitude and mean 
student problem solving scores was not significant at the .05 level. 
The correlations' for the non-DMP sample, on" the other hand, are all 
positive, but non-significant. As a result of the negative correlations 
found between teacher attitude and mean problem solving performance 
of their students, several exploratory analyses were undertaken in 
an effort to explain these rather surprising results. 

Exploratory Analy ses for Question 5 

This section brief ly describes data analyses undertaken to 
explore the substantial negative correlatlxjns which were found in 
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the DMP sample between teacher problem solving attitude and student 
problem solving performance. Once computer error was ruled out as 
a possible explanation, the PICTl program (Allen, Learn, Schlater, 
& Wolfe, 1975) was utilized to obtain scatter plots of DMP teacher 
attitude scores and the mean comprehension, application, and 
, problem solving scores of their students. These scatter plots 
are included in Appendix F. The negative correlations shown in 
Table 6.29 were verified by the scatter plots; thus, a rather clear 
negative relationship in the data was apparent. ^ 

Fletcher (1968) has observed that relationships based on 
class means should be interpreted with great care, since extreme 
observations may have a significant effect on mean score for the 
class. In an attempt to determine if there were extreme observations 
in the DMP sample, "massive" scatter plots were obtained for all 
student comprehension, application, and problem solving scores in 
the sample. Each stX^dent score was plotted against teacher attitude"* 
score for each of the 15 classes. No extreme observations were 
appa- ^nt in individual student scores, but the "massive" scatter 
plots also verified the negative trend in the data. The "massive" 
scatter plots are not included in this paper as the size of the - 
computer printouts prohibited their reduction to a size which 
would maintain legibility . of the. data. 

As the data were examined, it was noted that the teacher with 
the lowest attitude score taught a class whose mean problem solving 
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score was 5.19; on the other hand, the class whose teacher had the 
highest attitude score had a mean problem solving score ot 2.55. 
Tlie problem solving scores of these two classes' reflected the 
homogeneity of each class; that is, the class with l9w problem 
solving mean was a slow group of students, while the group with 
the higher mean was above-average In mathematical ability. In 
fact, the above-average class had received instruction in approx- 
imately four more DMP topics than the slower group. Thus, the data 
of the present sample seem to indicate that the problem solving 
performance of students may be more related to opportunity to learn 
than to teacher problem solving attitude. 

The data analyses for Question 5 of the study suggest. that the 
results may be an artifact of this group of teachers and students. 
Though a rather clear negative trend in the relationship between 
DMP teacher attitude and student performance was apparent, it must 
be noted that the DMP data are based upon a small, selected sample 
ot teachers, all of whom expressed favorable attitudes toward mathe- 
matical problem solving; thus, variance in attitude scores was 
slight. In this situation, when only a small portion of the dis- 
tribution for the total population is examined, Hayes (1973) has 
observed that generalizations about the true nature of the re- 
lat.ionships among the variables should be viewed with extreme 
caution. 
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Concluding Remarks 

This- part of Qiapter 6 "has discussed the analysis . and inter- 
pretation of the data for the five main questions and several 
ancillary questions investigated in Part I of the study. Conclusions 
resulting from the discussion in the various sections of this part 
of the chapter will be presented in Chapter 7. The next part of 
the present chapter discusses the analysis and interpretation of 
the data for the two main and two ancillary questions Investigated 
in Part II of the study. 

Analysis and Interpretation of the Data for Part II 
The second part of the study was directed at the two remaining 
major questions posed in Chapters 1, 3, and 5. Those questions 
pertained to the directional relationships existing between teacher 
problem solving attitudes and student problem sdlv:^ng performance 
and attitudes. Simple correlational procedures cannot answer such 
questions of cause and effect. However, Campbell and Stanley (1963) 
have discussed a quasi-experimental design which can provide clues 
regarding the direction of relationship between teacher attitude 
and student attitude and performance. The design employs tlm° as 
a third variable and is called cross-lagged panel correlation. 
This design was empldyed for the second part of the present study; 
■ a complete description of. the design was given in Chapter 3 and 
discussed again in Chapter 5. 
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The basic plan for Part II of this study involved problem 
.solving testing at two different times (Time 1 and Time 2), with 
an intervening ''treatment" period. Only the DMP sample of teachers 
and students was involved in this part of the study. At each' 
testing time three instruments were administered: (1) the student 
mathematical problem solving test; (2) the student mathematical 
problem solving attitude scale; and (3) the teacher mathematical 
problem solving attitude scale. The "treatment" was not rigidly 
controlled, but did entail instruction from the regular sequence 
of DMP topics. The cross-lagged panel correlational technique, 
as recommended by Campbell and Stanley (1963) for this type of 
study, will be discussed as the data for each question are 
presented. 

Data for Question 6 

The sixth question of the study was the following: Do fourth- 
grade teachers* attitudes toward problem solving affect their 
students* problem solving performance or is the effect of the 
opposite nature? In an effort to answer this question, teacher 
problem solving attitude data and student problem solving 
performance data were gathered at two different times (Time 1 
and Time 2). The descriptive statistics for these data are 
'■■ presented in Table 6.30. Fifteen DMP classes particiapted in 
this part of the stdy. However, the teacher of Class 9 Who 
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TABLE 6.30 



DESCRIPTIVE STATISTICS FOR TEACHER ATTITUDE AND STUDEOT 
PERFORMANCE AT TIME I AND TIME 2 



Time 1 



Time 2 



Class 
Number 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



Teacher 



Mean Student Scores^ 



core 


C 


A 


P 


159 


13.08 


8.33 


2.46 


149 


16.32 


12.58 


5.41 


170 


13.84 


8.32 


2.f2 


141 


18.55 


13.64 


4.73 


160 


15.35 


9.42 


- 2.85 


175 


14.67 


8.63 


2.63 


164 


17.11 


13.67 


5.78 


156 


16.83 


12.17 


4.67 


143 


16.00 


9.71 


3.38 


158 


14.90 


8.80 


2.90 


167 


15.95 


10.33 


3.76 


159 


16.75 


10.33 


3.75 


157 


16.00 


9.79 


2.83 


154 


16.23 


11.65 


3.68 


169 


14.53 


7.86 


1.82 



★ c 

A 
P 



Comprehension 
Application 
Problem Solving 



Not available 



Teacher 

Attitude 

Score 



Mean Student Scores 



161 


14.70 


10.85 


4.-37 


151 


18.11 


14.28 


6.94 


179 


15.00 


9.97 


3.76 


170 


18.73 


15.64 


7.55 


160 


15.92 


12.52 


4.28 


168 


14.30 


10.00 


3.41 


160 


17.42 


14.17 


6.50 


163 


17.45 


14.36 


5.82 


** 


15.11 


10.95 


3.53 


172 


16.48 


11.52 


5.48 


170 


15.91 


11.04 


5.65 


166 


16.96 


12.24 


5.12 


171 


15.54 


11.46 


4.65 


153 


15.15 


11.08 


4.35 


171 


14.7 6 


11.08 


3.92 



136 




120 



^participated at Time 1 resigned prior to the testing period at 
Timaa7; thus, complete data were available for only 14 classes. 
In'addition to the teacher attitude scores at Time 1 and Time 2; 
Table 6.30 gives the mean student scores on each part of the 
problem solving test. ■!j 

The rather substantial negative correlations found between 
DMP teacher problem solving attt-tudes and mean student problem 
solving performance at Time 1 suggested the sagacity of examining 
these relationships at Time 2 as well. The correlations for Time 2 
are presented in Table 6.31. Thougli the relationships between 
■ teacher attitude and mean student performance at Time 2 are also 
negative, the ' correlations are not significant, and the relation- 
ships are iftuch weaker thai> at Time 1. These findings, however, 
support the negative trend observed in the data at Time 1. 



TABLE ,6.3i 

correiationS of teacher attitude and student 

PROBLEM SOLVING PERFORMANCE AT TIME 2 



Comprehension 


Application 


Problem 
Solving 


Teacher Attitude 


-.39 


-.28 
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-Another point worthy of note is that the correlation between 
teacher af^tude scores at Time 1 and teacher attitude scores at 
Time 2 was .41. A stronger relationship between adult attitudes 
at two different times might have been expected. This finding 
suggests that either the attitudes of the teachers in this sample 
are rather unstable or that the internal c6n3istency of the teacher 
attitude scale needs to be improved. It is possible, of course, 
that both of these observations are true. At any rate, the data 
reported in Table 6.31 and in this paragraph support the contention 
expressed earlier in this paper that the findings of the study 
regarding the relationship between DMP teacher attitude and 
student performance are suggestive and warrant further investigation. 

As noted previously, merely calculating the correlations 
between teacher scores and student scores for each time period , 
does not provide information regarding cau^e and effect as posed 
in Question 6 above. Instead,' cross-lagged paneVforrelations 
(Campbell & Stanley, 1963) were computed. The correlation 
between teachers' attitude scores at Time 1 and their students' 
mean problem solving score? at Time 2 (r^^^^ "^^^ calculated, 
as was the correlation between teacher attitudes at Time 2 
and the means of the problem solving scores of their students at 
Time 1 (^21^' '^'^^^'^ correlations are shown in Table 6.32. 
Campbell and Stanley (1963) suggest that if one of the cross-lagged 
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TABLE 6.32 



CROSS-LAGGED CORRELATIONS: 
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT PERFORMANCE (r, ^) 
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT PERfORMANCE 



V 



\ 

) 



Cross-lagged 

Correlations Comprehension Application Problem Solving 



rj^2 --72 -.72 -.69 

* * * 

r^^ -.25 -.50 -.53 



* significant difference in correlations at p < .01 

correlations is signficantly more positive than the other, then this 
provides evidence regarding which variable has the. greater \ef feet 
on the other. 

Hayes (1973) has suggested a method of testing the significance 
of the difference between two correlation coefficients. This method 
is based upon the Fisher Z-transformation, and the test statistic 
is provided by the ratio 



^1 - ^2 . 



^Z, - Z^) 



where represents the transformed value of the correlation 
coefficient for the first sample, Z^ the transformed value for 
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the second, and 



1 + ^ 



The test statistic in the preceding paragraph was employed to 
determine the signifiance of the differences between the pairs of 
correlations in Table 6.32. As noted In the table, each of the 
differences is significant at p. < .01.- Since r^j^ is significantly 
more positive than t^^ for each of the parts of the mathematical 
problem solving test, it may be inferred that initial mean student 
problem solving performance had a greater effect on final teacher 
attitudes than initial teacher attitudes had on final mean student 
problem solving performance. 

The ancillary question related to Question 6 dealt with the 
directional relationship between teacher attitudes and student 
performance when the data are grouped by sex of the student. 
Table 6.33 presents the cross-lagged correlations which were 
computed separately for boys and girls. For each part of the 
mathematical problem solving test, r^j^ is more positive than 
T^^. However, the difference between r^^ and rj^2^°^^°y^ °" 
the third part of the mathematical problem solving test is not 
Significant. For girls, the directional relationship between 
teacher attitude and student performance is the same as for the 
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TABLE 6.33 



CROSS- LAGGED CORRELATIONS FOR BOYS VERSUS GIRLS: 
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT PERFORMANCE (r^^ ) 
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT PERFORMANCE tr2j^) 



Cross- lagged Comprehension Application Problem Solving 

Correlations 



^12 

Boys 

^21 



-.57 -.73 -.52 

-.26 -.47 -.51 



r^2 ^-73 -.56 -.6& 

Girls ^ * * 

-.19 ^.36 -.47 



* significant difference in correlations at p < ,01 

total sample; that is, girls' initial mean problem solving performance 
had a greater effect on final teacher attitudes than initial teacher 
attitudes had on girls' final mean problem solving performance. For 
boys, however, the preceding inference could only, be made for com- 
prehension and application parts of the problem solving test. The 
inferences made with regard to the directional relationships. based 
on comparisons of boys* and girls* correlations must be viewed with 
some caution. As noted earlier in Table 6.26 three of the DMP 
classes had fewer than 15 students, and so the computation of mean 
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scores by sex of the student was based upon very small cell sizes 
for those classes. 

Data for Question 7 

The last majo^ question of the present study was as follows: ^ 
Do fourth-grade teachers' attitudes toward problem solving affect 
their students' att.itude3 toward problem solving or is the effect 
of the opposite nature? Teacher and student problem solving 
attitude data were gathered at two different times (Time 1 and 
Time 2) in an attempt to answer Question 7. Table 6.34 gives the 
descriptive statistics for these data. As was noted for Question 6, 
complete data were available only for 14 of the 15 DMP classes in 
the sample as one class changed teachers between the first and 
second testing periods. Besides the teacher attitude scores, 
Table 6.34 lists the mean student responses on each part of the 
mathematical problem solving attitude, scale. 

Once again, rather than calculating simple correlations between 
teacher and student attitude scores, the cross-lagged panel cor- 
relational technique was employed. The correlation between 
teachers' attitudes at Time 1 and the means of the problem solving 
attitude scores of their students at Time 2 (r^^^-*'^^^ computed, 
as well as the correlation between teacher attitudes at Time 2 and 
the means of the problem solving attitude scores of their .students 
dt Time 1 i^2l^' Table 6.35 gives these correlations. The 
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TABLE 6.34 



DESCRIPTIVE STATISTICS FOR TEACHER ATTITUDE AND STUDENT 
ATTITUDE AT TIME 1 AND TIME 2 



Class 
Number 



Teacher 

Attitude 

score 



Time 1 



Mean Student Scores* 



II 



Total 



Teacher 

Attitude 

Score 



Time 2 



Mean Student Scores* 



II 



Total 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



159 
149 
170 
141 
160 
175 
164 
156 
145 
158 
167 
159 
157 
154 
169 



45.85 
45.06 

41.58 
39.82 
41.87 
42.07 
52.00 
47.31 
44.05 
43.00 
39.38 
44.04 
41.56 
42.19 
40.92 



86.38 
■86.50 

86 . 65 
82. 9L 
86.25 
84.11 
99.55 
93.31 
90.21 
87.61 
79.00 
85.50 
83.64 
83.87 
80.04 



132.23 
131.56 

128.23 
122.73 
128.12 
126.19 
151.55 
140.62 
134.26 
130.61 
118.38 
129.54 
125.20 
126.06 
120.96 



161 


44. 


58 


87.50 


132. 


08 


151 


41. 


40 


89.00 


130.40 


179 


44.70 


89.59 


134. 


30 


170 


39. 


78 


84.67 


124. 


44 


160 


45. 


64- 


89.64 


135. 


29 


168 


42 


46 


84.42 


126 


88 


160 


51 


79 


95.93 


147 


71 


163 


44 


.00 


95.09 


139 


.09 


** 


44 


.00 


92.16 


136 


.16 


172 


40 


.91 


85.91 


126 


.82 


170 


39 


.42 


82.96 


122 


.37 


166 


47 


.31 


88.19 


135 


.50 


171 


39 


.64 


84.24 


123 


.88 


153 


42 


.48 


88.56 


131 


.04 


171 


42 


.89 


87.46 


130 


.36 



* I: Part I (Informal)^ 
II: Part II (Formal) 
To ta 1 : Compos i te 

-^-^ Not available 



143 



ERIC 



127 



FisherZ-transfonnation ratio described in the data analysis section 
for Question 6 was utilized to determine the signficiance of the 
differences between the pairs of correlations in Table 6.35. 



TABLE 6.35 

CROSS-LAGGED CORRELATIONS: 
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT ATTITUDE (ri2) 
AND TIME, 2 TEACHER ATTITUDE WITH TIME 1 STUDENT ATTITUDE (r2i) 



Cross-lagged 
Correlations 


Attitude I 


Attitude II 


Total 




.29 


-.03 


.13 


^12 




* 




^21 


-.47 


-.30 


-.37 



*signif leant difference in correlations at p < .01 

Each of the differences is significant at p < .01. Using the 
Inferential procedure recommended by Campbell and Stanley (1963), 
since r^2 significantly more positive than r^^, initial teacher 
attitude seemed to have a greater effect on final student attitude than 
initial student attitude had on final teacher attitude. 

The last ancillary question of the study pertained to the 
directional relationship between teacher attitudes and student 
attitudes when the data are grouped by sex of the student. 
Cross-lagged panel correlations were computed separately for 
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boys and girls and are presented in Table 6.36. For each part of 
the attitude scale significantly more positive >than r^^^ foi 

both boys and girls. However, the level of significance for the 



TABLE 6.36 



CROSS-IAGGED CORREIATIONS FOR BOYS VERSUS GIRLS: 
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT ATTITUDE (ri2) 
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT ATTITUDE ^r2i) 



CorrriaSs Attitude I Attitude II Total 



Boys ** 



^21 



14 -.16 -.02 

* ** 
-.41 -.34 -.37 



Girls 



,33 .04 .20 

** * 
-.45 -.18 -.30 



^^12 * ** 

^21 



\ 



* significant difference in correlations at p < .05 
** significant difference in correlations at p < -01 



differences in correlations based on the second part of the attitude 
scale is p < .OS^whereas those based on the first part and the 
total scale are signficant at p < .01. Thus, the same directional 
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relationships hold between teacher attitude and student attitude 
for boys and girls separately as held for the total sample. However, 
the conclusion is somewhat tenuous for the relationship based on 
the second part of the student attitude scale. And once again, 
the inferences made for boys versus girls must be viewed with some 
caution because of the very small cell size used to calculate mean 
student attitude scores for three of the participating classes. 

Concluding Remarks 
The analysis and interpretation of the data for Part II of the 
study have been discussed in the last section of the chapter; data 
were presented for two main and two ancillary questions. The first 
part of the chapter described the data for the five main and 
several ancillary questions for Part I of the study. Conclusions 
evolving from, all data analyses will be discussed in Chapter 7, 
which presents the conclusions and recommendations of the study. 
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ABSTRACT 

The purpose of this study was to investigate the relation- 
ships between the mathematical problem solving performance of 
fourth grade children, their attitudes toward mathematical problem 
solving, their teachers' attitudes toward mathematical problem 
solving, and related sex and program-type differences. 

Three instruments were used to gather data. The 22-item 
mathematical problem solving test (Romberg & Wearne', 1976) provides 
a measure of comprehension, application, and problem solving for 
each! item. The 36-item student mathematical problem solving atti- 
tude scale and the similar 40-item teacher scale have Ukert-type^^ 
formats and were developed by the investigator. 

During the fourth month of the 1975-76 school year data were 
gathered for Part I of the study from 30 fourth grade classes in 
13 southern Wisconsin schools. Fifteen of the classes were using 
Developing Mathematical Processes (DM?) ; the remaining 15 were 
using standard mathematics textbook series. 

Both students and teachers possessed favorable mathematical 
problem solving attitudes. The DM? students performed signiiEicantly 
better than non-DMP students on the first two parts of the problem 
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solving test; no significant differences in performance were observed 
on the third part. Rather stable and significant positive corre- 
lations were found between student problem solving performance and 
student problem solving attitude. Significant negative correlations 
found between DMP teacher problem solving attitude and mean student 
performance were judged an artifact of the non-random sampling of 
classes for the study. No significant sex-related differences were 
found in any of the data. 

The design of Part II of the study was based on the cross- 
lagged panel correlational technique of Campbell and Stanley (1963). 
During the seventh month of the 1975-76 school year the 15 DMP 
classes participated in a second round of problem solving testing. 
An intervening "treatment" period between the first and second 
testing times involved instruction in selected DMP topics. Part II 
attempted to determine the direction of effect between teacher 
problem solving attitudes and student problem solving attitudes 

and performance. 

Cross-lagged panel correlations indicated that initial student 
performance seemed. to have a greater effect on final teacher attitude 
than initial teacher attitude had on final student performance. 
However, Initial teacher attitude seemed to have a greater effect 
on final student attitude than initial student attitude had on 
final teacher attitude. 
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Chapter 7 
CONCLUSIONS AND RECOMMENDATIONS 

The discussion in this chapter centers on the conclusions 
and reconmendations evolving from the study described in this 
pap^r. The chapter begins with a brief summary of the study. 

Summary of the Study 
The purpose of the present study was to investigate the 
relationships betwen selected noncognitive factors and the math- 
ematical problem solving performance of fourth-grade children. 
Those factors investigated were children's attitudes toward 
mathematical problem solving, teachers' attitudes toward mathe- 
matical problem solving, and related sex and program-type 
differences. 

Three instruments were used to gather the data for the study. 
The 22-item mathematical problem solving test provides a measure 
of comprehension, application, and problem solving for each item; 
it was developed by Romberg and Wearne (see Weame, in preparation). 
The student mathematical problem solving attitude Scale is a 36- 
item Likert-type scale, and the teacher mathematical problem solving 
attitude scale i^i^ft-item scale with Likert format; both attitude 
scales were developed by the author of the study. 
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The study was conducted in two parts. Thirty fourth-grade 
classes in 13 Wisconsin schools participated in Part 1. During the 
fourth month of the 1975-76 schpol year, the instruments of the 
study were administered to the students and teachers in the sample. 
Fifteen of the classes were using Developing Mathematical Processes 
(DMP).. The remaining 15 classes were not using the DMP materials. 
Five main questions and nine ancillary questions were investigated 
in Part I of the study. The main questions dealt with f avorableness 
or unfavorablei[v^ss of student arid teacher attitudes toward mathe- 
matical problem solving, performance of students on .the mathematical 
problem solving test, and the relationships between student perfor- 
mance, student attitudes, and teacher attitudes. Ancillary questions 
dealt with sex-related and program-type differences in the above 
relationships. 

Part II of the study was conducted with only the DMP sample 
from Part I. During the seventh month of the 1975-76 school year, 
the 15 DMP classes participated in a second round of testing using 
an alternate version of the student problem solving test and the 
student and teacher attitudinal scales. An intervening "treatment" 
period between the first testing (Time 1) and the second testing 
(Time 2) involved instruct:^n in topics selected from the regular 
DMP sequence. The design of the second part of the study was 
based on the cross-lagged panel correlational technique (Campbell & 
Stanley, 1963) ^ advocated by Aiken (1969). This part of the 
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study attempted to detemlne the direction of effect between teacher 
probl' t solving attitudes and student problem solving ^ttitudes and 
performance. Using cross-lagged panel correlations. /teacher attitudes 
at Time 1 and Time 2 were correlated with student attitudes and 
performance at Time^l and T^Lme 2 in order to suggest which variable 
had the greater influence on the other. / 

Before discussing thp conclusions resulting from the conduct 
of the study and subsequent data analyses, the limitations of the 
study are noted. These are discussed in the next si^tion. 

■/ 
/ 

Limitations of the Study 
Research studies ik the behavioral sciences are often limited 
because of a number of ^raneous factors which may influence the 
results of these studies\. Purity of researqh design must sometimes 
be sacrificed due to the practical constraints of a "real-world" 
setting. Campbell and StaWey (1963) provide a reasonably complete 
discission of these extraneous and confounding variables. Several 
factors either limit or confound the results of the present study; 
the most important of these ^e discussed here. 

Ideally, the fourth-grade, classes in the present study should 
have been randomly selected, l^owever, linder the circumstances of 
the study, random sampling was Aot possible, and so, even though 
• the number of students participating was quite large, the findings 
of the study may not be generalizkble to all fourth-grade classes. 

In addition, the DMP classes ^n t;he study had been participants 
in^the large-scale field test of th^ jrogram for the preceding school 



\ 
\ 



166 



133 



year, and the author /had worked with the teachers of six of those 
classes in a number of inseyvice sessions during that time. The 
confounding effect of these factors is difficult to ascertain. 
For example, did these teachers express their true feelings on 
the teacher problem solving attitude scale, or did they respond 
in a manner which they thought might be expected? 

Instrument validity and reliability can also be limiting 
factors in a ^tudy. Because of careful instrument development, 
however, content and face validity may be inferred (Nunnally, 1967); 
such an inference seems reasonable for each of the instrments in 
this study. And the reliability coefficients for the instruments 
were also judged to be satisfactory , although the reliability 
coefficient for the teacher problem solving scale was based on a 
sample of only 30 teachers. Thus, the findings of the study which 
are dependent upon use of the teacher scale may be somewhat limited. 

The correlational procedures used in the study are based on 
the assumption of a bivariate normal population. When sample size 
is large, as was the case for the administration of the student 
instruments, bivariate normality may be assumed (Hayes, 1973). 
However,! if sample size is relatively small, then Hayes (1973) 
suggests that the results of correlational procedures must be viewed 
with caution and may be only suggestive of actual relationships 
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existing in the total population. Thus, in the present study, 
findings based on the correlations performed with the teacher 
attitudinal data must be viewed in this light. 

I 

Conclusions of the St^udy 
Seven main and several ancillary questions served as the 
framework around which the study was designed, conducted, and the 
data analyzed. This section of the chapter is organized in a 
similar manner. Each major question of the study is given, and 
then the conclusions pertaining to that question are discussed. 
Question 1 

The initial question of the study was: Do fourth grade students 
have favorable attitudes toward problem solving? Based on the 619 
students who responded to the problem solving attitude scale in 
the study, this question must be answered affirmatively. The 
„,ean student scores on the scale can be categorized as "favorable." 
The ancillary queries related to Question 1 inquired as to the 
existence of sex or program-tyiJe differences in fourth graders- 
attitudes toward problem solving. There were no significant sex- 
related differences in the problem solving attitudes expressed by 
the students in the sample; in fact.' mean attitude scores were so 
similar that one might conclude that there were no sex-related 
differences whatsoever. 

When comparing the problem solving attitude scores of students 
by program-type, the non-DMP students seemed to have slightly more 
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favorable attitudes than the DMP students. On the inforjnal 
measure of problem solving attitude, the non-DMP students' attitude 
was signi^cantly more favorable than the DMP students' attitude, 
although the difference in mean scores was only 1.5 points. On 
the formal measure of problem solving attitude and on the total 
scale there were no significant differences in scores based on 
type of mathematics program studied. In the DMP sample boys had 
the more favorable problem solving attitudes, while in the non-DMP 
sample it was the girls who expressed more favorable attitudes 
toward problem solving. Though this result produced a statistically 
significant interaction, it probably has little practical significance 
Que stion 2 

The second question of the study was as follows: Do fourth 
grade teachers have favorable attitudes tovjard problem solving? 
The 30 fourth grade teachers in this study did, indeed, express 
favorable reactions toward problem solving as measured by the 
teacher problem s\)lving attitude scale. Attitudes of these teachers 
ranged from what might be termed "slightly" favorable to "very" 
favorable. Based upon the mean attitude scores of the DMP and 
non-DMP teachers, it may be concluded that DMP teachers expressed 
more favorable problem solving attitudes than the non-DMP teachets, 
althougli the expressed differences were not statistically significant. 
As noted above, there was little variation in the range of teacher 
attitudes. 
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Question 3 , ' 

The third question investigated in the study was: How do 
fourth graders perform on a test of problem solving performance 
which provides measures of comprehension, application, and problem 
solving? Three separate scores were reported for each student 
responding to the mathematical problem solving test used in the' 
study. Students were able to solve correctly more of the compre- 
hension items than application items and more of the application 
items than problem solving items; this result was expected since 
iWeflects the order of difficulty of the items. The problem 
solving items are the most difficult and are problems in the sense 
of the definition given in Chapter 1. Of a total of 22 three-part items 
on the test, mean number of problems solved correctly by the students 
was 15.00, 9.50, and 3.19 for comprehension, application, and problem 
solving, respectively. Satisfactory performcnca on the problem solving 
test is difficult to assess without some predetermined criterion 
level; the establishment of such a criterion level was not deemed 
appropriate for this study. One fact does emerge, however. • Most 
of the students could not be classified as good problem solvers 
when the problems are of a type specified by the definition used in 
the study. A more detailed discussion of student performance on the 
problem solving test may be found in Wearne (in preparation). 

One of the ancillary questions related to Question 3 pertained 
to the possible existence of sex-related differences in problem 
solving performance of the students in the sample. .The girls' 
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mean performance on the comprehension part of the test was higher 
than that of the boys; on the other hand, for the application and 
problem solving sections, the boys outperformed the girls. None of 
these differences was significant, however. 

In the sample for this study DMP students performed significantly 
better than non-DMP students on the comprehension and application 
parts of the problem solving test; the difference in performance for 
the problem solviag\part of the test was not significant. The better 
performance of the iJ^ students is noteworthy, especially since the 
non-DMP sample received about 10 more days of instruction prior to 
their testing than did the DMP sample. 

Question 4 

The fourth question investigated in the study was the following: 
What is the relationship between fourth grade students' attitudes 
toward problem solving and their performance in problem solving? 
Significant positive correlations were found between each of the 
three attitude scores and each of the three problem solving scores 
reported for the students in the sample. Correlations ranged from 
,12 for the weakest relationship to ,31 for the strongest relation- 
ship between attitude and performance. Though these correlations 
are not large, they are similar in size and range to those found by 
Lindgren et al, (1964) when comparing problem solving attitude and 
achievement in arithmetic with fourth grade children in Brazilian 
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elementary schools. The rather stable positive correlations are 
also similar to those found between r^thematics attitude and 
achievement with fourth grade students in the NLSMA X-population 

(see Crosswhite, 1972). 

•n»e differences in the relationship between attitudes and 
performance in problem solving for boys versus girls were also 
investigated. Once again, there was a significant positive rela- 
tionship between attitude and performance for both boys and girls. 
For boys, the range of correlations was from .11 to .36; for girls, 
the range was from .12 to .24. Though the lowest correlations for 
both sexes were approximately the same, those for boys were consis- 
tently higher than those for girls. Thus, in . this sample, there 
appreared to be a stronger relationship between problem solving 
attitude and problem solving performance for boys than for girls. 

When correlations were calculated for the student data categorized 
by program-type, a positive relationship between problem solving 
attitude and performance was found for both groups. The correlations 
for the DMP sample ranged from .03 to .17. with six of the nine 
correlations between attitude and performance being significknt. 
For the non-DMP sample, the correlations were somewhat higher, . -• 
ranging from .18 to .43, with all correlations significant. There- 
fore, for the sample of the present study, there appeared to be a 
stronger relationship between student problem solving attitude and 
problem solving performance for the non-DMP sample than for the 



ERIC 



172 



139 

DMP sample. Exploratory analyses with data from the DMP sample suggested 
that students with high problem solving performance have problem solving 
attitudes considerably higher than average, while those students with 
low performance have lower than average attitudes. 
Question 5 

The fifth question investigated in this study was: What is 
the relationship between fourth grade teachers' attitudes toward 
problem solving and their students' performance in problem solving? 
The correlations between teachers' attitudes and the mean problem 
solving performance of the students in their classes were found to 
be consistently very weak, negative, and, non-significant, and In 
the nange of -.05 t(^-.08. Thus, for the 30 fourth grade classes 
in the sample, there appeared to be little observable relationship 
between teacher problem solving attitude and student problem solving 
performance. 

When the teacher attitude and student performance data were 
categorized by sex of the students, weak positive correlations 

'it- 

were found between the two variables for girls; on the other hand, 
for the boys rather stable negative correlations were found. These 
opposite relationships were somewhat interesting, but none was 
statistically significant. 

Surprising and almost unbelievable results were found when 
correlations were computed on the basis of program-type. For the 
non-DMP sample the correlations between teacher attitude and mean 
student problem solving performance ranged from .16 to .19 and were 
non-significant. However, for the DMP sample, rather substantial negative 
correlations were found; they ranged from -.47 to -.59, and two of 
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the three calculated were significant at the .05 level. In an - 
attempt to explain negative correlations of this proportion, 
several exploratory analyses were undertaken. Scatter plots were 
drawn to show the relktionship between teacher attitude scores and 

5 

mean student scores on each of the three parts of the problem 
solving test. The scatter plots and accompanying regression lines 
did. indeed, verify the negative nature of the relationships 
between teacher attitude and mean student performance. However, as noted 
previously in this chapter, correlations calculated on small sample 
sizes must.be viewed with caution and are not necessarily indicative of 
those in the larger population. Since these correlations were based 
on a sample of 15 teachers, and since the attitudes of all teachers 
were favorable and the variance in scores was slight, it was concluded 
that additional researc^i evidence from other fourth grade populations 
is needed before definitive judgments about the true relationships 
can be made. 

« 

Question 6 

The sixth question of the study was as follows: Do fourth 
grade teachers' attitudes toward problem solving affect their 
students' problem solving performance, or is the effect of the 
opposite nature? The cross-lagged panel correlational technique 
recommended by Campbell and^anley (1963) was used for this part ^ 
of the study, since simple correlational procedures cannot answer 
questions of cause and effect. 
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Only the 15 DMP classes were involved in this part of the study. 
Since the correlation between student performance at Time 1 and ^ 
teacher attitude at Time 2 was significantly more positive than the 
correlation between teacher attitude at Time 1 and student perfor- 
mance at Time 2, it was concluded that initial mean student problem 
solving performance had a greater effect on final teacher attitudes 
than initial teacher attitudes had on final mean student problem 
solving performance. 

Cross-lagged panel correlations were also calculate^ for the 
data grouped by sex of students. The same directional relationships 
as in the totaL sample were noted for girls. However, for boys, 
this same directional relationship was apparent only for the compre- 
hension and application parts of the problem solving test; for the 
problem solving part the differences in cross-lagged correlations 
were not ^ significant . Therefore, the evidence was inconclusive for 

the boys in the sample. 

As noted previously in this chapter, the relatively small sample 
size for this part of the study severely limits the extent to which 
the findings can be generalized to a larger population. Unfortunately, 
until verified by additional research evidence, the finding that 
student problem solving performance influenced teacher attitude more 
than teacher attitude influenced student performance must be viewed 
as merely suggestive. The findings regarding the directional rela- 
tionships between teacher attitude and student performance for the 
boys and girls in the sample must be tempered by the same considerations. 
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Question 7 

The second question for Part II and the seventh question 
investigated in the study was the following: Do fourth grade 
teachers' attitudes toward problem solving affect their students' 
attitudes toward problem solving or is the effect of the opposite 
nature? The cross-lagged panel correlational technique was also 
employed in an effort to answer this question. The correlations 
between teacher attitude at Time 1 and student attitude at Time 2 
were significantly more positive than the correlations between 
teacher attitude.at Time 2 and student attitude at Time 1. Thus, 
for the 15 DMP classes in this part of the study, initial teacher 
\ attitude seemed to have a greater efffect on final student attitude^. 
\ than initial y^Cd^nt attitude had on final teacher attitude. 

When the cross-lagged correlations were calculated on the 
kata grouped by sex of student and the results analyzed, all 
differences in correlations were significant. Thus, the same 
directional relationships held between teacher attitude and student 
attitude for boys and girls separately as held for the total sample. 

As was the case for Question 6, the small sample size for 
Part II of the study serves to limit the generalizability of the 
results. And so, the findings for Question 7 must also be viewed 
as suggestive of the relationships existing in the total population. 

Concludin| i c Remarks 

This section of Chapter 7 has discussed the conclusions of the 
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study in light of the findings of the investigation. A number of 
iniplications for mathematics education seem to evolve as a result , 
of tho conclusions. Some of these implications suggest the directio^ 
lor lulurc research studies. The implications of the study, along 
with re.-ommondat Ions for future research, are discussed in the next 
sect ion Of the chapter. 

Inij) 1 icnl i«)ns of Jl119- .?iii^iiLJ^ 
K(uMDmmcMidations for Fut ure Res earcli 

Tl»^« major i>urpose of this study was to investigate the relation- 
ships between selected noncognitive factorss^ and the problem solving 
pertormance of fourth grade children. This type of information-oriented 
research is designed to provide insight into the nature of specific 
relationships between various curriculum variables and to suggest 
directions for additional research studies. This section of the 
chapter, then, discusses the implications and recommendations 
eraan. icing irom the present study".- 
Student^ fc-rob.lem So lvjj ig Attitudes 

Educators desire Lhat students hold favorable attitudes toward 
nil piiases of the school progr£.m. If students in this study are 
reflective of those in a larger population, then most fourth grade 
stiulpurs do. Indeed, possess favorable attitudes toward problem 
solving. The attitudes of the students in the sample ranged from 
unfavorable to very favorable, with most students indicating 
favorable attitudes. Though not a random sample, the relatively 



177 



144 



large number of students in^^this study strengthens the generaliz- 

ability of the findings. 

The student problem solving attitude scale developed for this 
study seems to possess a high degree of internal consistency as 
measured by Cronbach's Alpha reliability coefficient. In addition, 
because of its careful development, the instrument seems to possess 
both content and face validity. However, at present, no other type 
of validity may be inferred. Therefore, the instrument needs 
further validation with other populations. The design of the 
instrument is such that is is suitable for use with students in 
the middle to upper elementary grades. The scale could be used 
in conjunction with other attitude scales such as CAPS (see 
Covington. 1966) to help establish the construct validity of the 
instrument. 

An interesting follow-up to the present study would be an 
observational investigation to determine if students p.ossess the 
kinds of problem solving behaviors which they claim to possess 
according to their responses on the problem solving attitude 
scale. The. teachers of some students might also be Interviewed 
to see if they observe the problem solving behaviors indicated 
by their students. Observational or interview results could be 
correlated with scores on the problem solving attitude scale 
as a means of determining the construct validity of the instrument, 

If students in the sample for this study are representative 
of the larger population of fourth-grade students, there are 
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apparently no differences in the problem solving attitudes of boys 
and girls at this level. Differing reactions to problem solving, 
then, may be based more on other individual student characteristics 
than on student sex. / 
Teacher Problem Solving Attitudes 

All teachers in the sample for the study indicated favorable 
attitudes toward problem solving, but, because there were only 30 
of them, their reactions may not be indicative of the population 
of fourth-grade teachers. Thus, the teacher problem solving 
attitude scale needs more extensive validation with other populations 
additional evidence is needed to more firmly establish the internal 
consistency of the instrument. The instrument is designed so that 
it can be used with teachers from upper primary through middle 
school grades. It also holds promise for use with prospective 
elementary school teachers to determine their attitudes toward 
problem solving. A revision of the scale has received such use 
in a study dealing with the problem solving attitudes and per- 
formance of students in two elementary mathematics methods classes 
at the University of Wisconsin (Wearne & Whitaker, in preparation). 
Student Problem Solving Performance 

The findings of the present study would seem to indicate that 
fourth-grade students perform reasonably well on the first two 
parts of a test of mathematical problem solving which provides 
measures of comprehension, application, and problem solving. 
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However, most studentB did not perform well on tlie third part of 
the test which provides a measure of problem solvs^ng performance 
based upon the definition of pi;oblem as used in this study. Clearly, 
this test identifies those students wHo are not good at solving this 
type of mathematics problem. In this, respect, the nUthematical 
problem solving test developed by Romberg and Wearne ^(see Weame, 
in preparation) is unique. Existing commercial instruments which 
purport to be problem solving tests are more like the application 
portion of this test. The commercial tests primarily involve one- 
or two-step problems and thus are not adequate measures of a 
student's ability to solve problems for which neither tlae solution 
nor method of solution is apparent. \ 

It is the author's c.aviction that the test by Romberg 
and Wearne holds promise as a viable tool for providing a great 
deal of information to teachers and other school personnel regar- 
ding the problem solving capabilities of their students. | This 
test can help teachers diagnose the difficulties which stjudents 
are having in the areas of comprehension, application, ar^d problem 
solving. Once problem areas are diagnosed, teachers can plan 
activities to remedy the difficulties. More extensive us^ of this 
type of problem solving test is relatively assured, as the test 
utilized in this study will serve as a model for the problem 
solving component of the DMP Terminal Accountability Testi 
(see Romberg, 1974). i 
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The fact that there were no significant differences between 
the problem solving performance of boys and girls in this study 
would seem to indicate that teachers need not concern themselves 
with varying teaching techniques for the two sexes. However, the 
fact that the DMP sample of students performed significantly better 
than the non-DMP sample on the comprehension and application portions 
of the test suggests the existence of factors within the DMP program 
to produce this differential effect. The differential performance 
may be attributable to the underlying emphasis upon problem solving 
processes and skills that is characteristic of the DMP program. It 
•would be interesting to determine whether significant differential 
effects exir>t in other populations of DMP and non-DMP students to 
whom the mathematical problem solving test is administered. 
S tudent Problem Solving Attitudes and Performance 

As noted earlier in this paper, previous research studies have 
suggested the existence of positive and rather stable relationships 
between student attitude and achievement in mathematics. These 
studies, however, have not examined the relationships between student 
attitude and performance in the area of problem solving. In this 
study, the significant and rather stable positive relationships 
found between student problem solving attitude and student problem 
solving performance suggest that the relationships between attitude 
and performance are -he samfe for problem solving as they are for 
mathematics in general. Because of these positive relationships 
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between problem solving attitude and performance, it would seem 
sagacious for teachers to continue their efforts to foster favorable 
student reactions and sentiments toward the many facets of mathe- 
matical problem solving. 

Teacher Problem Solving Attitude As Related to Student Prob lem 
Solving Performance 

The somewhat inconsistent findings of the study with regard to 
the relationships between teacher problem solving attitude and 
student problem solving performance, when coupled with the rela- 
tively small sample of classes upon which the findings were based, 
suggest the need for gathering similar data from other elementary 
school populations. This call for the collection of additional 
data is also based upon the rather surprising negative correlations 
that appeared in the DMP sample. Clearly, more research evidence 
is needed before definitive judgments can be made about the 
relationships between the problem solving attitudes of fourth 
grade teachers and the mathematical problem solving performance 
of their students. 

Cause and Effect Relationships Between Teacher Attitude 
and Student Attitude and Performance 

Though calls for replication of research studies are easily 

c 

made, the findings of the second part of the study obviously - 
demand that, such occur. More evidence is required to ascertain 
whether the suggested relationships are indeed in the direction 
indicated. In the present study, initial student performance seemed 
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to have a greater influence on final teacher attitudes than initial 
teacher attitudes had on final student performance. On the other 
hand, the direction of relationship seemed to be 'nst the opposite 
for teacher attitude and student attitude; that is, initial 
teacher attitude had a greater effect on final student attitude 
than initial student attitude had on final teacher attitude. If 
the directional relationship is one way for teacher attitude and 
student performance, and in the opposite direction for teacher 
attitude and student attitude, then teachers should be aware of this 
situation. If this directional influence is dependent upon a 
particular population, then knowledge of that fact would also be 
beneficial. 

' The cross-lagged panel correlational technique (Campbell & 
Stanley, 1963) holds promise as a valuable research design for 
inferring the cause and effect relationships between such variables 
as attitude and performance. As a follow-up to the second part of 
the present investigation, the author would suggest that an improved 
plan for utilizing the cross-lagged technique might involve initial 
problem solving measures wlrh students and teachers near the start 
of the school year and again at mid-year; this plan would reduce 
the confounding teacher-pupil influence which occurs when initial 
testing is done several weeks after the start of the school year. 
The sample size in this replicated study should be larger than that 
(,f the present- study, and the "treatment" should, perhaps, be more 
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rigidly controlled. If possible, the ''experimental" classes 
should all study the same course content during the "treatment" 
period. 

Concluding Reiriarks 
The study reported in this paper was designed to investigate 
the relationships between selected noncognitive factors and the 
problem solving performance of fourth-grade children. Those 
factors selected for examination were student problem solving 
attitude, teacher problem solving attitude, and related sex and 
program- type differences. As is so often the case with research 
in the behavioral sciences, the findings of the study have, perl^aps, 
raised more question^ than they have answered. In the author's 
opinion, the most important findings of the study are those which 
suggested the following: (1) fourth-grade^ students and teachers 
seem- to possess favorable attitudes toward mathematical problem 
solving; (2) fourth-grade students per^crr^ satisfactorily on the 
comprehension and application items, but not the "true" problem 
solving items of a three-part mathematical problem solving test; 
and (3) there seems to be a significant and stable positive 
relationship between student mathematical problem solving 
performance and student problem solving attitude. The other 
findings of the^ study are important, but must be viewed as 
suggestive and in need of additional research validation. 
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TOPICS 1-64 DESCRIPTIONS 



TOPIC 1 Describing and Classifying 

The children describe and classify familiar objects. Likenesses and 
differences are stressed and the skill of sorting Is Introduced. 

TOPIC 2 ComparlnR and. Order ing on Length 

Real objects are directly compared and then ordered on length. The 
children determine whether two objects are the same length and it 
not, they determine which is longer. 

TOPIC 3 Equalizing; on Length 

After comparing and ordering two objects or pictures of objects on 
length, the children make them equal in length by adding on to the 
shorter or taking away from the longer. 

TOPIC 4 Ordering More than Two Obje cts on Length 

The children put more than two objects In order from shortest to 
longest or from longest to shortest. 

TOPIC 5 Representing Length 

In situations in which the children cannot compare and order lengths 
directly, they physically represent the lengths and compare and 
order the representations to decide about the original objects. 

TOPIC 6 Movemen t and Direction 

The children learn that a path Is a representation of a movement in 
some direction. Simple direction words are used. 

TOPIC 7 Comparing. Ordering, and Equalizing on Numerou sness 

The childi/en compare, order, and equalize sets on the attribute of 
numerouoncss. One-to-one matching is emphasized. Numbers and count- 
ing are not included. 

TOPIC 8 Th£ee_j^lmf! nalonal Shape 

The children describe and clacsify three-dimensional objects on the 
attribute of ndmcrousnops . 
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TOPIC 9 Ko presentltiR Numerousness Phys ically 

cide about, the original sets. 
TOPIC 10 Paths and Location 

The children work with locating objects. Paths are us^d as refer- 



ences . 



TOPIC 11 Re presenting Numerous ness Pictorially 

The children pictorially represent the numerousness of sets by 

rraohine serves as a transition between physically 
fe^resS^ing nu:;e;ousness and symbolically representing numerousness. 

TOPIC 12 Tallying, 

representinc numerousness (numbers). 
TOPIC 13 Time 

The children compare and order events on time of duration and time 
of occurrence. 

TOPIC 14 Representin f> Numerousness Sy mbolically 

:;:S:L^'™?he;-do'n:.1e"r"o write ..e nu™.e. symbol, at t.is ti„e. 
TOPIC 15 Two Dimensional Shape 

The children describe and classify regions including faces of solids 
on the attribute of shape. 

TOPIC 16 Comparing and_Orderinfi_pn Welfiht 

The children compare and order real objects on the attribute of 
weight by using balances. 

* 
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TOPIC 17 Wrltlnp, Numbers 

The children learn to write the numbers 0-10 and practice writing, 
them in a variety of situations. 



TOPIC 18 ComparinR and Ordering Events on Time 

The children compare and order events on time of duration and time 



of occurrence. 



TOPIC 19 Assigning Measurements 'j 

The children use arbitrary units to represent lengths or weights 
of objects by assigning a number and unit. Then they compare and 
order objects using these measurements. 



TOPIC 20 , Paths 



The children describe a closed path such as a triangle, rectangle, 
and square in terms of number and length of sides. They are intro- 
duced to the use of the geoboard as a simple way to make paths. 



TOPIC 21 Comparison Sentences 

The relationship between two sets or two objects on a given attri- 
bute is represented by a sentence involving = or ?t (for example: 
5 ?t 7, 6 = 6, A ?f B). The process of validating is introduced. 

TOPIC 22 Comparing and Ordering on C apacity 

The children directly compare and order the capacities of containers 
by pouring from one co another. Also they learn to represent the 
capacity of a given container by assigning a measurement with arbi- 
trary units. 

TOPIC 23 Order Sentences 

The order relationship between two sets or two objects on a given 
attribute is examined further. Now if the two are not equal, the 
children decide which is larger and write an order sentence Uor 
example: 5 < 7 , 6 = 6 , A > B) . The children also learn to validate 
p.iven order sentences. 

TOPIC 24 The Number 0-20 

The numbers 11-20 are introduced as representing the numerousness 
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of sets The children learn to recognize and write these numbers 
and to'ount such sets. The numbers 0-10 are reviewed. 
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TOPIC 25 p^pr^^pntin g Equalizing, _SU uatigns 
ized, 

TOPIC 26 Movement and Direction^ 

Simple maps are examined. The children f^ll^^/^^-P^^ Z,^^^, 
wrUten instructions involving movement on a given path or between 
Tiien Joints. They also learn to give such instructions. 

TOPIC 27 Bp presenting Q th^r EaualizinR Situations 

situations with sentences such as LJ ^ - ^ LJ ' ^ ^ 

□ = 10 - 3. They also begin to solve sentences. The process ot 

validating is stressed. 

TOPIC 28 Sy mmetry. Frac tions and Shape 

TOPIC 29 Representing; Joining and Separating 

children also solve such sentences. 
TOPIC 30 Grouping 

The children lc„„ to separate any set ^>;^^'^°;;'i''^^^^:/^Jr::,°L, 
^^traLTornr^t; tZ^Vs^^ 'X ».S.t ... 
5(3) +2. 

TOPIC 31 Geometric Shapes 

A variety of geometric ideas are reviewed and explored here with 
many typos of materials, 
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TOPIC 32 Solving Number Sentences (0-10) 

Other types of joining and separating situations are examined, and 
sentences are written to represent them. The children solve any 
given open sentence with numbers 0-10 and validate it. Number facts 
receive attention. 



TOPIC 33 The Numbers 0-99 

The numbers 21-99 are introduced as representing the numerousness of 
sets. The children learn to recognize -and write these numbers in 
expanded 3(10) + 4 and compact (34) notation. Place value is intro- 
duced . 



TOPIC 34 Units of Capacity 

Standard units of capacity (cup, quart, and gallon) are introduced- 
Capacities of various containers are represented, compared, and 
ordered in terms of these standard units. _ 



TOPIC 35 Number Sentences (0-20) 

Open sentences involving the numbers 11-20 are solved and validated. 
Number facts are emphasized. 

TOPIC 36 Describing, Classifying, and Locating 

The children sort objects on the basis of two or more attributes and 
are introduced to the intersection of sets. They locate objects in 
relation to paths. They look at grids as intersections of columns 
and rows. 



TOPIC 37 Partitioning 

The children learn to divide a set into a given number of equal sub- 
sets and a remainder, and they write the results in grouping notation. 
Then they apply this knowledge to fractions and divide various sets 
into halves, thirds, etc. 



TOPIC 38 Number Sentences (0-99) 

A variety of situations involving the numbers 0-99 are represented 
by sentences. The children solve open sentences about joining, 
separating, and differences using objects or pictures. The re- 
grouping that occurs when the children are solving these problems 
is focused on as a background for the algorithm topic (Topic 40). 
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TOPIC 39 Units of Length 

c^.nH;,ra units of length (Inches, feet, yards, centimeters, and 
^^ters a^f introduced'. The children measure various lengths using 
these units and compare and order the measurements. 

TOPIC 40 The Addition and Subtrac tion Algorithms (0-99). 

Addition and subtraction algorittas for two-digit --b^r^ "J^^^!"*^ 
without regrouping are introduced. The children use their back 
ground with regrouping objects in Topic 38 to give meaning to the 
algorithms. 

TOPIC 41 Movei^ent and Direction 

The children look at. describe, and make phy^ 

labeled paths and grids. This serves as a background for later work 
with integers. 

TOPIC 42 Units of Weight 

HorH nnlt-s of Weight, ounces and pounds, are introduced. The 
chUdren represent various weights using these units and they compare, 
orJerradd^and subtract these'measurements. The children investi- 
gate ordering fractional parts of weights. 

TOPIC 43 Solving Open Sentences 

A variety of open situations are examined. The children represent a 
tav of solving the problem with an open sentence and then solve it. 
^hey investigate the effect on an order relationship of changing 
Ihe seL or objects described in an order sentence The children 
choose and write fractions which represent parts of objects or of 
sets. 

TOPIC 44 Angles and Symmetry 

Angles associated with objects or figures are directly compared and 
ordered. Emphasis is placed on right angles. The children explore 
synunetry further by using mirrors. 



TOPIC 45 The Numbers 0-999 

Tho numbers 100-999 are introduced; place value is stressed through 
grouping Both the expanded notation (3(100) + 5(10) + 7) and the 
compact notation (357) are used. 
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TOPIC A 6 Com paring and Ordering Areas 

The children use arbitrary units of area to measure, regions . Then 
they compare and order objects using these measurements. Fractional 
parts of areas are also considered. 



TOPIC 47 Grouping and Partitionin g^ 

The children represent a grouping or, partitioning problem with an 
opL sentence. They then solve the sentence physically, plctorlally, 
or symbolically. Repeated addition and subtraction are stressed. 

TOPIC 48 Geometric Figures 

Various basic geometric attributes of figures are examined and des- 
^rH>ed by the-ehiwren as- they experiment with a. variety ol_materiala^ 

TOPIC 49 Solving Addition and Subtrac tion Problems 0-999 

The addition and subtraction algorithms are extended to three-digit 
numbers. The children continue to represent a fractional part of 
a set or of an object by writing a fraction and to represent a 
fraction with fractional parts of sets or objects. 

TOPIC 50 Measuring Length 

Measuring lengths with standard units is continued; more emphasis 
is placed on precise measurements as the children consider frac- 
tional parts of units and millimeters. 

TOPIC 51 Measuring Time 

The children use arbitrary and standard units to measure durations. 
Then they compare and order durations using these measurements. 

TOPIC 52 Investigating Problems 

Problems that require a combination of familiar processes are 
presented. The children are asked to evaluate information presented 
in a problem situation in terms of whether that information is suf- 
ficient for, or relevant to the solution of the problem. The chil- 
dren are expected to master solving addition and subtraction problems 
with 3-dlglt numbers. 
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TOPIC 53 Location and Angles 

The children describe the location of objects on a grid with coor- 
dinate« and located objects on a grid given the coordinates. They 
also "present angles physically and plctorlally to compare, order, 
or join them or to conduct experiments. 

TOPIC 54 Grouping and Partition ing Sentences 

The children write open sentences to represent 8^°"^^^ P^"'^" 
tlonlnR situations. They then solve the sentences symbolically 
using repelLd addition and subtraction. Use of methods to shorten 
the steps needed to solve, including efficient repeat^ed addition or 
subnrlction and shortcuts involving commutativity is ^extended to 
sentences with larger numbers. 



TOPIC 55 Representing Common Fractions 

The children decide whether a given fraction -""^^1^ ^^P^^?^^" 
a Riven fractional part of a whole length, region, or set. They 
also sLw that they know what a fraction means by drawing a picture 



of it. 



TOPIC 56 Describing Three-Dlmen sional Objects 

The children take another look at attributes of objects, with special 
emphasis orvolume. capacity, faces, and edges. They continue to 
compare and order objects on these attributes. 

TOPIC 57 The Numbers 0-999.999 

Thousands, ten-thousands, and hundred thousands are introduced with 
Thousands, te grouping by ten as the key to place value is 

tlZslT/. 'm^ZTou and subLa^tion of 4-diglt numbers are included, 
but mastery Is not expected. 

TOPIC 58 Units of Area 

standard metric and English square units are ^f^^^^^f^^^l^l 
dren measure the dimensions of rectangular regions draw a 
picture to help. them find the area of the region. They think of 
the area as an array of square units. 
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TOPIC 59 Ordering Fractions With Repres entations 

After the children have ordered fractional parts of given pictures 
or objects, they order fractions such as 3/4 and 5/8 by drawing 
pictures, especially arrays. 

TOPIC 60 Multiplication and Division Sentences 

The children represent grouping and partitioning situations with 
multiplication or division open sentences. They master ^^e basic 
multiplication facts. Some of the background for the multiplication 
and division algorithms is included. 

TOPIC 61 Geometric Figures 

Tl.e children continue to describe geometric figures with special 
emphasis on parallel and perpendicular lines. Many geometric con- 
cepts are approached intuitively as the children experiment with 
paper-folding, geoboards, geometric pieces, and other materials. 

TOPIC 62 Addition and Subtract ion of Larger Numbers 

The addition and subtraction algorithms are extended to five- and 
six-digit numbers and the children are expected to master the 
algorithm for the numbers 0-999,999. 



TOPIC 63 Measuring 

Children measure objects on many attributes to solve problems 
involving ordering, joining and separating. Special emphasis is 
plcaed on converting from one unit to another by grouping or 
partitioning. The children conduct open-ended experiments, collect 
and organize their data, and discuss the results. 

TOPIC 64 Multiplication With Larger N umbers 

The background for the multiplication algorithm continues to be 
developed as the children draw pictures of subproducts to help solve 
multiplication problems. More efficient ways of solving division • 
sentences are developed. 

TOPIC 65 Problem Solvlnf^ 

Problems that require a combination of familiar processes are presented. 
Grouping and partitioning are emphasized. The children are asked to 
evaluate Information presented in a problem situation in terms of 
whether Lliat information is sufficient for, or relevant to, the solu- 
tion of the problem. 
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APPENDIX B 
MATHEMATICAL PROBLEM SOLVING TESTS 
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NAME : 

MATH TEACHER 

BOY 

GIRL 



ROMBERG- WEARNE 
MATHEMATICAL PROBLEM SOLVING TEST 



(Time 1) 
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circle the picture tl.nt show, the balance beam In balance. 



180 




Zv 





Circle the sentence that tells about the weights |AJ and [Bj 

[a] weighs less than[B] . 
I a] weighs more than [b] • 
jX| weighs the same as [b] • 
Impossible to tell from the picture 





Weights 0 .nd [Z] arc Put together on one end of the balance beam and 
\b\ and [X] .re put together on the other end of the balance beam. Circle 
the picture that shows how the balance be«n might look. 




7^ 




impossible 
to tell 
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The distance from Alta to Bright Is: 7 miles 

12 miles 
16 miles 
19 miles 

The shortest distance from Alta to Drago is: through Bright 



through Cable 
through Eimtown 
through Flagge 



The sign 



BRIGHT 


16 












should be placed: In 


Drago 




EIMTOWN 


19 


In 


Alta 








In 


Flagge 








In 


Cable 


• 
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j,.k and Bob went fishing. They both caught two kinds of fUh. trout «nd 
pike. Bob c-ught 10 trout. Together they c.ught 18 trout -nd 10 pike. 
Jack c«ught 15 fluh. 



How many trout did Bob c«tch7 



How many fish did they catch altogether 1 
How many pike did Bob catch? _ 



There are 45 houses on Century Avenue. The houses sre white, blue, yellow. " 
green, or gray. 18 of the houses are white. There are half as many blue 
housea aa white houa.a. 15 of the houses are yellow. Only 1 houae la gray. 

There are more blue houses than white houses. TRUE FALSE ;-P-»;"<' 

There are more blue houses thsn yellow houses. TRUE FALSE J»P°^j;"e 



How many of the houaes are green? 
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■he sentences tell about the figures. Decide which figure is A. 
in B, and which is C. Write the letters on the figures. 



A < B 



B < C 



The 



following sentences tell about the numbers A, B, C, and D. 



C + 3 - B 
n < A 
B - D - 



Write 



the four numbers A, B, C, and D in order from smallest to 



(smallest) 
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( 










1 



Both pencils cost the same. 



TRUK FALSE IMPOSSIBLE TO 

TELL 



How 



much would 8 of the 2c pencils cost? 



What 



Is the greatest number of pencils you coubd buy for 27c? 



Jack lost some weight. Susan lost half as mu.h weight as Jack lost. 
Carol lost half as ouch weight as Susan lost. :arol lost 10 pounds. 

Jack lost more weight than Susan. TURE FALSE IMPOSSIBLE TO 

Circle the number that teils how many pounds Susan lost. 

5 10 20 40 none of these 

If Jack weighs 130 pounds now, how much did he weigh before he lost 
weight? 
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The numbers below the pictures tell how many chips are covered by those 
blocks. 




y/// /A 



2 8 10 




How many chips- are covered by 



How many chips are covered by 





r //// ^ / 











How mnny chipa are covered by 



J.cklc h..« twice un nuiny football cards na Mike. K«ch ha. more football 
card! than Terry. Mike, has 15 foc^.ball carde. ^ 



Terry has the most football cards, TRUE FALSE 



»Otf 



many football cards docs Jackie have? 



Circle the number that tells how many football cards the three could 
have altogether. (You don't know exactly how many they have altogether,) 



63 



42 



58 



72 



A parking lot has room for 8 rows of cars with 9 cars parked in each of 
those rows. 

The parking lot has. the same 
' number of cars in each of the 8 rows, TRUE FALSE 

How many cars can be parked in the parking lot? 



.In another parking lot, trucks sre parked. Each truck takes the space of 

3 cars. There are 12 -rucks in the parking lot and it is completely full. 

If there were 4 rows in the parking lot, how many cars could be parked in 

each row? 
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In Clrclel|ind» people vnrite 





when they mean 61. 



when they mean ^»75 and they 




In Clrcleland. people write ( ® ) when they mean 8. TRUE FALSE 



What do they mean when they write 




36 
63 
630 
603 
306 



What do they mean when they write 




A. 526 
AO, 526 

A, 562 
A5,620 
A5,260 
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Everything weighs 6 times as much on Earth as it does on the Moon. 
Everything weighs 2 times as much on Earth as it does on Mars- 



A box weighs more on the Moon than it does on Earth, 



TRUE FALSE IMPOSSIBLE TO 
TELL 



A box weighs 24 pounds on the Moon. How much does it weigh on Earth'' 

i 4 6^ 2A lAA impossible to tell 
6 



A dog called Rover weighs A poundy on the Moon, 

Another dog called Spot weighs 12 pounds on Mars- 

If both dogs were in the same place, then 

Rover would weigh more than Spot 
Rover would weigh less than Spot 
Rover would weigh the same as Spot 
Impossible to t|ll 



9 0 



This !-•» a rectangle. 



6 ft 



6ft 



-Thp-ri'ctangl* U-4- teet long on one side and 6 feet long on another side. 

TRUE FALSE 

The area of the rectangle Is: 10 sq ft 20 sq ft 24 sq ft 100 sq ft 



The area of the floor of a room pictured below is 96 sq ft. A small rug 
1 i on the floor . 

The area of the floor not covered by. the rug is: 79 s<i it 

82 sq ft 
84 sq ft 
89 sq ft 

impossible to tell 




A gallon Is larger than a pint. 
TRUE FALSE 



^f>lve the sentence. 

16 quarts « | | gallons 

Solve ^the sentence. 

2 gallons «= | cups 



MeaBurements 

2 cups 1 pint 
2 pints « 1 quart 
4 quarts - 1 gallon 
2 half gallons « 1 gallon 



Tho dlMt.ince from A to K Is 23 cm. 
The dlscnnce from U to A is V cm. 
Thr distance from B to E is 14 cm. 
C is half-way between B and D. 



What 



is the distance from A to D? 



What is the distance from A to B? 



What 



lat is the distance from B to C? 



The dining room of a ship has U tables. One-half of the tables- have 
6 chairs at each table and the other half of the tables have A chairs 
at f^acii tabln. 



TRUE 



FALSE 



7 tables have 6 chairs at each table. 
Wl,nt is the largest number of people that can sit in the dining room 



one time? 



Another ship has 70 passengers. If all of the passengers and crewmen 
are sitting in the lifeboats, there are 7 passengers and 2 crewmen in 
each lifeboat. 



How many 



crewmen are on the flhip? _ 



□ 



Put a number In each to complet*- the number i.;.ttprii 



1 2 3 



□ 



3 6 



4 7 10 



□ 



16 19 



1 2 A 7 



16 22 



Rosemarle had 30 pencils. She lost 16 of them, 

She has fewer pencils now. TRUE FALSE IMPOSSIBLF. TO 

TELL 

How mnny pencils does she have now? 

Kirk had" some pieces of candy. He gave one-half of them Co Mary. 
Thrn ho gave 3 pieces to Harold and had 6 pieces left. 
How m«ny pieces did he start with? ^ 
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„ is the number of mllcB from Chicnno to Detroit. 



Detroit 




Chicago 



Circle the true sentence: 



Cleveland 



It takes n hours to drive from Chicago to Detroit, 
n 18 Ihc number of miles from Detroit to Chicago. 
It takes n hours to fly from Chicago to Detroit, 
n is the distance In miles from Detroit to Cleveland. 



2(n) 100 represents: 



The distance from Chicago to Cleveland. 

A distance twice the distance from Chicago to Detroit. 

A distance less than the distance between Chicago and 
Detroit. 

A distance more than twice the distance between 
Chicago and Detroit. 



C 



B 



The distance from A to C Is twice the distance from C to B. 

If you drive from A to B and then back to C, you will have gone: 

4 tiroas the distance from A to C 
Z times the distance from A to C 

l-j times the distance from A to C 

ii times the distance from A to C 
2 
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This is a picture of a cube. 



Circle the picture thai has a • on n face of t\ui cube 



71 



How innny faces does a cube have? _ 



These are four views of the same cube. 



O 



0. 



o 



Here Is another view of the same cube. 



Circle the figure that goes on the 



♦ o □ X 0 



227 



194 



A ferryboat never crosses the river unless it U full. The ferryboat Is 
fun when It holds 12 cars. The ferry Is al«o full when U holds 8 trucks. 
C«ri. «nd trucks nrc nev.r on the ferryboat at tl.c- sam.- Umo. 



Sometimes the ferryboat crosses the river with 10 cars, 

TRUE FALSE 



IMPOSSIBLE^ TP 
TElX^ 



In two trips, how nurny trucks could the ferryboat h.vc carried? 
g ^2 16 2A none of these 

The ferryboat made A trips across the river and carried AA vehicles. 
(Cars and trucks are vehicles) 

Circle the sentence which could be true. 

The ferryboat was filled with cars each time. 

The ferryboat was filled with trucks each time. 

The ferryboat was filled with cars more than one-half the time. 

The ferryboat was filled with trucks at least one-half the time. 

None of the senttnctt Is tru«. ^ 



Find the sums. 



6 A63 
+ 9 -I- 296 



Find the missing numbers. 



4- 



305 
25 





43 
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THESE PROBLEMS ARE ABOUT BAUNCE BEAMS. 
12«. Which picture •howt the b.l-nce be.m In b.lance? 
(A) 



12J. 



126. 




(B) 



(C) 




Which •entence, tells about the weights 0 tnd H] 

(A) IflJ weight less thtn IE. 

(B) IZl welghi more than (Sl . ti 

(C) Eweig*'' ® • 

(D) Impottlble to tell from the picture. 




Weights E and H] «re put together on on* end of the b«Unce beam 
and [U and 0 are put together on the other end o£ the balanca 
baam. Which plctura shows how tha balance beam might look? 



(A) 




(C) 




(B) 



(D) Impossible to Cell from the 
plccurs. 
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THESE PROBLEMS ARE ABOUT DISTANCES BETWEEN CITIES ON A MAP. 




(A) through Bright 

<B) through Oibl* 

(C) through Elmtown 

(D) through FUgge 



129. The tlgn 




BRIGHT 


16 


should be pUcftd; 






ELhfTOWN 


19 




(A) 


In 


Drftgo 




(C) In ri»gg« 


(B) 


In 


Altft 




(D) In CabU 



<E) .None of thew 

■ ' / ■ ■ ■ 

o . ■ 
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THESE PROBLEMS ARE ABOUT FISHING. 



J.CK .nd Bob went fl.hlng. The, both c.ught two Vlnd. of fl.h. trout .nd 
pike. Bob cught 10 trout. To,.th« they c-ught 18 trout .nd 10 plk.. 
J.ek cught 15 fl.h. 

no. How m.ny trout did Bob etch? 

(A) 10 

(B) 15 

(C) 18 

(D) 28 

(E) None of th.i. 
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How m.ny flih dtd th.y etch .Itogether? 

(A) 18 

(B) 25 

(C) 28 

(D) 43 

(E) Itonf of th..« 



132. HOW m.ny plk. did Bob c.tchT 

(A) 0 

(B) 3 



(C) 5 

(D) 10 

(E) None of th.ie 



232 



THESE PROBLEMS ARE ABOITT DIFFERENT COUDRED. HOUSES. 

There ire 45 hou.e. on Century Avenue. • The houies .re white, blue, yellow 
green, or gr.y. 18 of the houres .re vhlte. There .re half a. nviny blue 
hou.e. a. vhlte house.. 15 of the house, are yellow. Only 1 house 
1. gray. 

133. There .re more blue hou.es than white hou.es. 
(A) True 
CB) F.lse 

(C) Impos.lble to tell 



134. There .re more blue hou.e. th.n yellow hduse.. 

(A) True 

(B) F.lse 

<C) Impossible to tell 



135. How m.ny of the house, are green? 

<A) 0 <C) 2 

(B) 1 0>) 5 

(E) None of these 
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THESE 



: PKOBLEMS ARE ABOUT REUTIONSHIPS BETWEEN THINGS. 



136. Which .entence tclU about A <B? 

(A) A l8 le«t than B, 
CB) A li greater than B. 
(C) A !• equal to »• 



137. The santencet tell about the figures. 

A< B 
B < C 



Which of the follovlng has the correc 

D 



t letter written on each figure? 



138. 



Q 



ED 

CD 
CD 

m 



(E) Ndne of the.e 



■n,e fallowing three sentence, tell -bout the number. A. B, C. .nd D 

■ • ' D<A B-D-4 

Which of the foUovlng h.. the. nur>ber» A, B. C. D written In order 
from the snuiUest to the Urgeit? 

(A) A, B, C. D (C) -B. C. A, D 

(B) C, B, D, A (D) B, A, D, C 

(E) None of these 
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THESF. PROBLEMS ARE ABOUT BUYING PENCILS. 




139. Both pencils coat the same. 

(A) True 

(B) False 

(C) Impo83lble to tell 



140. How much would 8 of the 2c pencils cost? 

(A) 8c 

(B) 14c 

(C) 16c 

(D) 26c 

(E) None of these 



141. ' What is the greatest number of pencils you could buy for 27c? 

(A) 9 (C) 16 

(B) 13 (D) 18 

(E) None of these 
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mKt- itRE-mtiT-w&ieHT^s&T- 



.,ack lost .pme weight. Su..n lo.t h.lf « n«.ch weight .s J.ck lo.t 
Crol lo.t h.lf M a«ch weight Su..n lost. C.rol lost 10 pound. 



142. Jftck loit mori weight than Suitn. 

(A) True 

(B) Fall* 

(C) Impoiilblc to tell 



143. 



Which number tclH how many poundi Suitn loit? 
(A) 5 
CB) 10 

(C) 20 

(D) 40 

(E) None of thei« 



144. 



If Jtck welghi 130 poundi now, how many poundidldhi weigh 
before he loit weight? 



(A) ,140 

(B) 150 



(C) 160 

(D) 170 

(E) None of theie 
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IHESE_P 



. Q . H ln.he 



Each of the four blocks 
picture below is covering « number of chips. The numbers below the 
pictures tell how many chips arc covered by these blocks. 




□ ■ 




'A 




1A7. 



□ 



How many chlpa are covered by 

(A) 0 (C) 5 

(B) A (D) 8 

(E) None of these 
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THESE PROBLEMS ARE ABOUT CRAYONS. 

Judy h.s twice .. n-ny cr.yon. «lVce. E.ch hi. «r. cr.yon. th.« 
Karcfi. Mike hii 15 crayons. 

148. Karen has the moat crayona. 

(AO True 

(B) False 

(C) Impoaalbla to tell 



149. How many crayona does Judy have? 

(A) 20 

(B) 25 

(C) 30 

(D) 45 

(E) None of these 



150. Which number tell, hov n-ny cr.yon. the three could h.ve .Itog-ther? 
(You don't know exactly how m.ny they h.ve .Itogether.) 



(A) 42 

(B) 58 



(C) 63 

(D) 72 

(E) None of the.e 
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,jrHsg;R-fflOMXM S A RE A BOUT ^V. PARKING l f )T . 

A p.rklnR lot h.i room for 8 rowi of cars with 9 can parked In each pf 
those rows. 

151. When the parking lot It full, the parking lot haa the same nuiAer 
of cars In each of the 8 rova* 

(A) True 

(B) Falae 

(C) tropoaalble to tell 

152. How many cars can be parked In the parking lot? 

(A) 8 

(C) 64 
CD) 72 

(E) None of these 

153. In another-parklng lot, trucks are parked. Each truck takea the 
space of 3 cars. There are 12 trucks In the parking lot and It Is 
completely full. If there were 4 rows In the parking lot, how many 
cars could be parked In each row ? 

(A) 9 (C) 36 

(B) 12 (D) 48 

(E) None of these 
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THESE 



In ClrcleUnd, people mrlte 



write 





When they roeen 475 end they 



when they mean 61. 



154. In CircleUnd, people write I W J 



(A) True * 

(B) relte 

(C) Inpottible 




155. What do they mean when they write 
(A) 36 
<B) 63 

(O* 630 
CD) 603 
(E) 306 ' 




156. What do they mean when they write 

(A) 4,526 (C) 4,562 

(B) 40,526 (D) 45,620 

(K) 45,260 
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tmsr frdbt:ehs akk about 



now- MUCH THINGS WEIGH ON-^HE. MOOM, -MARS , AND .EARTH. 



Everything weigh. 6 times .» nnich on E.rth «s It doe, on the Moon, 
Everything weigh. 2 tlmei much on Earth .s It doe. on M.r.. 

157. A box weigh, more on the Moon th.n It doe. on E.rth. 

(A) True 

(B) False 

(C) Impo..lblc to tell 

158. A box weigh, 24 pound, on the Moon. Ho« much doe. It weigh on E.rth? 

(A) 4 pound. 

(B) 6 pounds 

(C) 2U pound. 

(D) 144 pounds 

(E) None of these 



159. A dog called Rover weighs 4 pounds on the Moon. Another dog called 
Spot welRhs 12 pound, on Mar.. 
If both dogs were in the same place, then 



(A) Rover would weigh more 
th.n Spot. 

(B) Rover would weigh less 
th.n Spot. 



(C) Rover would wei^h the 
same as Spot. 

(D) Impossible to tell 
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THESE PROBLEMS ARE ABOUT AREA. 



Thlf l9 • rect«ngl«- 














rt 









6 ft. 

160. Th. r.ct.n8l. !• 4 f.eC long on one 
(A) True 
(B) 

(C) tttposiible fco tall 



side and 6 feet long on enothtr tide. 



161. The araa of the rectengU 

(A) 10 iq. ft. 

(B) 20 so. ft.' 
.(C) 24 sq. ft. 

(D) 100 sq. ft. 

(E) None of th««e 



162. 



■ntfll rug !• on th« floor. 















HI 






ft 


4 ft. 





The .r«. of the floor not covered by the rug !•: 

(A) 79 .q. ft. (C) 84 .q. ft. 

(B) 82 .q. ft. 89 

(E) None of these 
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THESE PKOBLEMS ARE ABOtTT LIQuio MEASURE . USE THE TAB U TO HELP YOU ANSWER 
THE QUESTIONS. 



Meaiurementt 
2 cupi - I pint 

A quarti - I gallon 

2 half gallons = I gallon 



163. A gallon Is larger than a pint. 

.(A) True 

(B) Ftlao 

(C) Irnpoaalble to tell 



164. 



16 quarts > [ [ gallons. Which number will solve 



the sentence? 

(A) I 

(B) 2 

(C) 3 

(D) A 

(E) None of these 



I6b. 



2 gallons 
the sentence? 

(A) A 

(B) 8 



□ 



cop.. Which number will .olve 



(C) 16 

(D) 32 

(E) Hone of these 



I 
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THESE PROBLEMS ARB ABOUT MEASURING DISTANCES. 



210 



L 



J. 



c 



D 



J 

E 



The dlitancc from A to E 1« 23 cm. 
The dlitancc from D to A Is 17 cm. 
Tht dlitancc from B to E !• 14 cm. 
C It half-way batwccn B and D. 

166. What la tha dlitancc from A to D7 
(A> 4 cm. 

(B) 14 CO. 

(C) 17 cm. 

(D) 23 cm. 

(E) 40 cm. 



167. What li the dlatancc from A to B? 

(A) 2 cm. 

(B) 9 cm. 

(C) 10 cm. _ 
- (D) 12 cm. 

(E) None of thaac 



168. What li tha dlitancc from B. to C7 

(A) 4 cm. 

(B) 5 cm. 



(C) 6 cm. 

(D) 10 cm. 

(E) None of these 
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THESE PROBUMS ARE ABOUT PASSENGERS ON A SHIP. 

The dining room of . .hip h.. U t.bles. One-h-lf of the t-bles h.ve 6 
ch.lrs .t e.ch t.ble .nd the other h«lf of the t.bles h.ve 4 chairs at 

169. 7 ttblct hove 6 chilrs tt each table. 

(A) True 

(B) Falae 

(C) Impoaslble to tefl 

170. What U the largest number of people that can ilt In the dining 
' room at one time? 

(A) U 

(B) 24 , ' ' 

(C) 70 
(\>\ 

(E) None of these 

171. Another ahlp has 70 paasengers. If .11 of the passetigera and crewmen 
are sitting In the lifeboats, there are 7 paasengcra and 2 crewmen In 
each lifeboat. How many crewmen are on the ship? 

(A) 2 (C) 20 

(B) U (D) 70 

(E) None of these 
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tllKSE mmMHS ARK ABOiri' NUMBER PATTEHNS . 

i« rK* [ I to complete the nuober pattern. 
Which number belongs In the | j ^""^ 

5.6 



172; 1 



(A) 3 

(B) 4 

(C) 5 

(D) 8 
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173. 4 



17A, I 



10 



□ 



(A) 9 

(B) 10 

(C) 13 

(D) 15 

(E) None of the.e 



16 19 



□ 



16 22 



(A) 9 



(C) 11 

(D) 'l3 

(E) None of these 
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THESE PROBLEMS ARE ABOUT PEMCItS AND CANDY. 
Roacmarle had 30 pencils. She lost 16 of them. 

175^ She h«a fewer penclU now. 

(A) Truo '\ 
CB) False 

(C) Impossible to tell 



176. How many pencils does she have now? 
(A) U 

' (B) 16 

' (C) 2^ 
(D) 26 

•(E) None of these 



\ 
\ 

\ 



177. Kirk had some pieces of candy. He gave one-half of them to 

Mary. Thon he gave 3 pieces to Harold and had 6 pieces left. How 
many pieces did he start with? 

(A) 9 (C) 15 

(B) 10 ' (D) 18 - 

(E) None of these 
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THESE rROBLEMS ARE ABOUT MEASURING DISTANCES BETWEEN CITIES. 



n is the number of mllci from Chicago to Detroit. 

Detroit 



178. 



ChlcAgo 




Clevel»nd 



Which li the true sentence? 

(A) It takes n hours to drive from Chicago to Detroit. 

(B) n 11 the number of miles from Detroit to Chicago. 

(C) It takes n hours to fly from Chicago to Detroit. 

CD) n It the dlitance In miles from Detroit to Cleveland. 



.179. 2(n) + 100 represents: 

(A) The distance from Chicago to Cleveland. 

(B) A dlftance twice the distance from Chicago to Detroit. 

<C) A distance less than the distance between Chicago and 
Detroit. 

(D) A dlftance more than twice the distance between Chicago 
and Detroit. 

(E) None of theaa 



180. 



B 



The distance from A to C Is twice the distance from C to B. If yo^ 
drive from A to B and then back to C, you will have gone: 

(A) 4 times the distance from (C) Ij times the distance 



A to C. 

(B) 2 tlmei the distance from 
A to C. 



from A to C. 

(D) ly times the distance 
from A to C. 

(E) None of these 



/ 
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THESE PROBLEMS ARE ABOUT A CUBE. 



a cube. 

0 



This li « picture of 
181, Which picture has a « on « f«cc of the cube? 



(A) 



(B) 



(C) 



0 



182, How many faces does a cube have altogether? 

(A) 3 ^■ 

(B) 4 

(C) 5 

(D) 6 

(E) None of these 



183, These are four views of the same cube. 



01 9 & M 

I — I 

/ .Which figure goes on the 1 I 



Here Is another view of the same cube. 

(A) if: (c) X 

- (B) □ (D) ^ 

(E) 



2n 
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THESE PROBLEMS ARE ABOUT A FEWrtOAT CROSSING A RIVER. 

K rerrybct never cro.s« the river unlc It la full. The ferryboat 1. 
full when It holds 12 cnr.. The. ferry 1» also full whon It holds 8 
truck.. '^Cr. .nd truckc are never on the ferryboat at the same time. 



164. 



Sometimes the fen-yboat crosses the river with 10 cars. 

(A) True 

(B) False 

(C) Impossible to tall 



ids. In two trips, how many trucks could the ferryboat have carried? 

(A) 8 

(B) 12 

(C) 16 

(D) 24 

(E) None of these 



186. 



The ferryboat made 4 trips .cross the river and carried 44 vehicles. 
(Cars and trucks are vehicles) Which of the following sentences 
could be true? 



(A) The ferryboat was filled 
with cars each time. 



(B) The ferryboat was filled 
with trucks each time. 



(C) The ferryboat was filled 
with cars more than one-hal f 
the time. 

(D) I'he ferryboat was filled with 
trucks at least one-half 

the time. 

(E) None of these 
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THESF. PROBLEMS ARE ABOUT F1?«>INC SU>tS OF NUMBERS. 

6 

187. What Is the answer to + — 9- 
(A) U 
(fi) 15 

(C) 16 

(D) 17 



A63 

188. What Is the answer to ± 296__ ? 

" (A) 659 

(B) 669 

(C) 759 

(D) 769 



(E) None of these 




. 306 

+ 250 
A43 

, (A) 0 (C) 8 

(B) 1 (D) 9 

(E) None of these 
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APPENDIX C 

PILOT TEST MATERIALS FOR ATTITUDE SCALES 
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POTENTIAL ITEMS FDR INCLUSION IN A SCALE 
TO MEASURE STUDENTS ' ATTITUDES TOWARD PROBLEM SOLVING 

» 

The next few pages contain a list of statements which purport to 
measure fourth grade students' attitudes toward mathematical problem solving. 
Included are statements reflecting children's beliefs about the nature of 
some kinds of mathematics problems, the nature of the problem solving process, 
the desirability of persevering when confronted with a difficult problem', and 
the value of generating many ideas. Some statements refer to children's 
ability to succeed in problem solving situations while others deal with - 
sources of child;ren's anxiety in not knowing how to go about st)lving problems 
or the fear of being incapable of effective thought. 

Many more statements are included in this list than will be used on the 
final student problem solving attitude scale. Children will be asked to 
respond to each item by checking one of five responses: 



Really agree 
Agree 

Can' t decide 
Disagree 
Really disagree 



Your candid reactions to the items are solicited and appreciated. 



Questions for the reviewer ; 



(1) 



In your opinion, is the statement one which would help to reflect 
a student's attitude toward problem solving? 



(2) 



If yourresponse to (1) is affirmative, does the statement seem 
to reflect a relatively favorable or relatively unfavorable 
attitude toward problem solving? Please so indicate before 
the item. 



(3) 



If your response to (1) is negative, place an X on the number 
of the item. 



PLEASE FEEL FREE TO COMMENT ABOUT, OR MAKE CHANGES IN, ANY ITEM. 



/ 
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The 


nature of the problem solvlnR process: 




1. 


I don't care. how long It takes me to work a problem, just 
as long as I'm careful. 




2. 


After I have solved a problem, I like to go back and check 
to see If my answer makes sense. 




3. 


If I don't see how to solve a problem right away, I try 
different things to see if something might work. 


• 


4. 


I don't worry about making a mistake in "solving a problem. 
Just as long as I finish quickly. 




5. 


Before I solve some problems, I like to stop and think about 
them. 




6. 


After I read a problem and before I solve, I think about what 
I know, and what I don't know in the problem. 




7. 


in math there is always a rule to go by to solve a problem. 




8. 


' After I solve a problem, I think it's silly to go back and 
check to see if my answer makes sense. 




9. 


I like to tell my friends about things I have done in math. 




10. 


I don't like to solve sentences like 21 (Q) = 88. 




11. 


I would rather be in a spelling contest than in a problem 
solving contest. 




12. 


You have to be careful when you solve a math problem, because 
some problems don't have answers. 




13. 


I try to read a problem very carefully before I solve it. 




14. 


To solve a problem, you have to put the things you know 
together with the things you don't know. 




15. 


I like to solve sentences like 11(0) + (□) = 56. 




16. 


Before I solve a problem I like to write down some of the 
things I know about the problem.. 




17. 


It's a good idea to really think about a math problem, because 
some problems have many answers. 
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18. I like to draw pictures to help me solve some problems. 

19. I like to solve puzzles. 

20. I don't like games that make you think. 

21. It is fun to think about math problems outside of school. 

22. I like to try new games. 

23. I like to play games that really make you think. 

24. Puzzles are dumb. 

25. I think it's silly to draw pictures to help solve a problem. 

26. Puzzles are fun. 

Success in solving problems : 

27. If I had a hundred years, I don't think I could solve some 
problems. 

28. I don't mind taking a chance on making a mistake when I try 
to solve a problem, 

29. Trying to solve a new type of math problem is too hard for me. 

30. There are too many chances to make a mistake in solving math 
problems . 

31. If I had plenty of time, I could be better at solving problems. 

32. It is hard for me to really think about what I'm doing in math. 

33. I can solve puzzles as well as most of my friends can. 

34. There are so many rules to learn in math that I just can't 
solve problems very well, 

35. I can do math problems about as well as most other boys or 
girls in my class. 
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The enloyment of solving mathematics problems: 

36. Discovering how to solve a new math problem makes me feel happy. 

37. Doing math problems is fun. 

38. I like to do math problems that are quick and easy. 

39. > I don't like to work on math problems outside of school. 

40. I never get tired of working with numbers. 

41. I wish we could spend more time in school doing math problems. 

42. Math is one of my favorite subjects in school. 

43. I like to figure and reason out math problems. 

44. Sometimes I do extra work in math just for fun. 

45. Doing math problems is boring. 

46. Solving math problems is dull. 

47. I don't enjoy solving any kind of math problem. 

48. I like moat other school subjects better than math. 

49. Trying to discover how to solve a new math problem gives me 
a pain. 

50. I would rather do almost anything else than try to solve a 
math problem. 

Anxiety when solving problems : 

51. There is so much hard work in trying to solve a math problem 
that sometimes I just want to throw iy paper away. 

52. Sometimes I get very upset if I can't solve- a problem. 

53. There are Just too many steps needed to get the answers to 
naCh problems. 
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54. My mind goes blank, and I can't think straight when working 
math problems. 

55. I don't understand how some students think that solving mAth 
problems is fun. 

56. No matter how hard I try, I can't understand how to solve math 
problems. 

57. It makes me nervous just to think about having to do a math 
problem. 

58. Math problems make me feel like I'm lost in a jungle of 
numbers and can't find my way out. 

59. I am afraid of doing problems. 

60. I get very mad when I can' t solve a math problem. 

Reactions to mathematics problems : 

61. Math problems are dumb. 

62. I like the problem 

359 + 574 - 684 + 999 + 466 - 72 + 839 = I 

better than the problem 

Jane is half as tall as Dick. Joe is half as 

tall as Jane. Mark is half as tall as Joe. 

Dick is 60 inches tall. How tall is Joe? 

63. The feeling that I have toward math problems is a good feeling. 

64. I don't like any kind of math problem. 

65. Math problems are fun. 

66. Most problems in math are very interesting. 

67. I would like math problems better if they weren't so hard. 

68. Math problems are easy to understand. 
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69. Math problems are more like games than hard work. 

70. I like tricky math problems. 

71. The feeling that I have toward math problems is a bad feeling. 

72. Math problems are never interesting. 

Perseverance in solvinip problems ; 

73. When we don't do all our math problems in class, I like to think 
about them later, even if we don't have to. 

74. I don't like to do problems unless I see how to work them right 
away . 

75. There are too many steps needed to get the answer to a math 
problem. 

76. I would rather have someone tell me how to solve a hard problem 
than to have to work it out for myself. 

77. I can't make myself think about a problem long enough to solve it. 

78. I would rather solve a problem myself than have someone show me 
how to solve it. 

79. When I have a problem that I can't solve right away, I stick with 
it until I have it solved. 

80. Mpst math problems take too long to solve. 

81. . When I have a problem that I can't solve right away, I just give up 

82. When we don't do all our math problems in class, I don't like to 
even think about them later. 
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; . ; .STUDENT SCALE 

- / ; (PllotX 

DIRECTIONS: In this part of the booklet are some statements that are not 
finished. We want you to finish each statement by telling us 
how you feel about the statement. Here is an example to show 
you what to do. 

EXAMPLE: The way I feel about doing subtraction problems is 

©© © 0© 

Put an X on the face that tells how you feel about the statement. 

Remember, there are no right or wrong answers. You may not feel the 
same way that other students do, but that is all right. Just mark exactly 
how y pu feel. 

When you come to the word STOP, wait for directions before going on. 



YOU MAY TURN THE PAGE ANT) BEGIN. 



Published by the Wisconsin H«B«arch and Development Center for Cognitive Learning, 
supported In part as a research and development center by funds from the National 
Initlttite of Education, Department of Health, Edyicatlon, and Welfare. The opinions 
•xpressad herein do not necessarily reflect the position or policy of the National 
Institute of Hducation and no official endorsement by that agency should be inferreri 

Center Contrmct No. NE-C-00-3-0065 
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1. Talking about things we do in math makes me feel 

©©© ©Q 

2. The way 1 feel about hard math problems is 

©©© ©© 



3. The way I feel about solving puzzles is 



©© © ©© 



4. Finding out how to solve a new kind of math problem makes me feel 



© © © © © 



5. The way I feel about long math problems is 



©© © ©® 
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6. Thinking about math problems outside of school makes me feel 

©©© ©© 



7.. The way I feel about drawing pictures ta help me solve some problems is 



© © © © © 



8. The way I feel about math class is ^ 



©© © ©© 



/v-. 9. Trying new ki^ds Of games makes me feel 



© © © © © 



10. The way I feel about doing math problems is 



© © © © © 



er|c 



11. The way I feel about playing games that really make y^u think is 



© © © © © 



12. Trying to work a new kind^ of math problem makes me feel 



© © 




© © 



13^ The way I feel about tricky math problems is 



©©@ ©© 




14. If we. spent more time in s6]hool doing mat^ problems, I would be 



©©©VS)© 



"stop, wait for more directions before going on. 
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■ 0 

Tn this next part are some statements made by boys and girls like you. 
We warit you to read the statements and then tell us how you feel about them. 
Here is an example to ahow you what to do. 

EXAMPLE: I like to work addition problems. 

^REALLY AGREE 

AGREE 

^CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



Put an X in the blank which tells how you feel about the statement. 

If you feel the same way about the statement, put an X by AGREE. 

If you really feel the same way, put an X by REALLY AGREE. 

If you don't feel the same way, put an X by DISAGREE. 

If you really don't feel the same way, put an X by REALLY DISAGREE. 

If you are not sure how you feel, put an X by CAN'T DECIDE. 

There are no right or wrong answers in this part either. Just mark 
exactly how you feel. 

When you finish, put your pencil down and wait quietly for the rest 
of the class to finish. 
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15. T have a hard time thinking when I try to work a math problem. 
REALLY AGREE 

AGREE 1 

CAN'T DECIDE | 

^DISAGREE 

__REALLY DISAGREE 

lf>/ Math problems are more like games than hard work. 
RKALLY AGREE 
AGREK 
CAN'T DECIDE 

JDISAGREE - ^ 

REALLY DISAGREE ( 

17, After I get an answer to a problem, I think it's silly to go back and 
check to see If my answer makes sense. 

^ REALLY AGREE 

AGRE^ 

CAN'T DECIDE 
DISAGREE 

Rl^ALLY DISAGREE 

18. 1 iike the problem 

359 + 574 - 684 + 999 + 466 - 72 + 839 = [ 
better than I Like the problem 

Emily is half as tall as Darrell. Andy is half 
as tall as Emily. Chad is half as tall as Andy- 
Darrell is 60 inches tall. How tall is Andy? 

REALLY AGREE 

AGREE 

CAN'T DECIDE 
DISAGREE 
REALLY DISAGREE 
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L9. I would rather work a problem myself than have someone show me how 
to work it, 

R EALLY AGREE 

^AGREE 

CAN'T DECIDE 



DISAGREE 
REALLY DISAGREE 



20, There are just too many steps needed to get the answers to most math problems, 
REALLY AGREE 

^AGREE 

CAN'T DECIDE 

^DISAGREE 

^REALLY DISAGREE 

21. It makes me nervous just to think about having to do a math problem, 

REALLY AGREE 

^AGREE 

CAN'T DECIDE 
DISAGREE 



REALLY DISAGREE 

\ ■ 

22. I can do math problems about as well as most other students in my class, 

^REALLY AGREE 

AGREE 

CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 
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23. Trying to solve a new kind of math problem is hard for me. 
^REALLY AGREE - 

^AGREE 

CAN'T DECIDE 

DISAGREE 

^REAl.LY DISAGREE 

24. 1 don't mind taking a chance on making a mistake when I solve a problem. 

_ REAIXY AGREE 
_AGREE 

CAN'T DECIDE 

^ ^DISAGREE 

REALLY DISAGREE 

25. Before I work some problems, I like to stop and think about them. 

REALLY AGREE 

^AGREE 

^CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 

26. I ran't make myself think about a problem long enough to solve it. 

_ RKALLY AGREE 
AGREE 

CAN'T DECIDE 
DISAGREE 
REALLY DISAGREE 
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27, T try to read a problem carefully before I solve it. 
R EALLY AGREE / 

^AGREE 

^CAN'T DECIDE 

DI S AGREE 
REALLY DISAGREE 



28, 



29, 



I would rather do almost .anything else than try to solve a math problem. 

^REALLY AGREE 

^AGREE 

CAN'T DECIDE 

^DISAGREE 

^REALLY DISAGREE 

When I have a problem that I can't solve right away, I stick with it 
until I have it solved. 

REALLY AGREE 

^AGREE 

CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 



30, 1 don't understand why some students thitik that solving math problems is fun. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 
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31. I don't like to do problems unless 1 see how to work them right away. 

^REALLY AGREE 

^AGREE ^ 

CAN'T DECIDE 

^DISAGREE 

__REALLY DISAGREE 

32. 1 am afraid of doing math problems. 

REALI.Y AGREE 

^AGREE 

^CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 



33. No matter how hard I try, I have trouble understanding math problems. 
^REALLY AGREE 

^AGREE . 

CAN'T DECIDE 
^DISAGREE 

^REALLY DISAGREE . , 

34. [f [ don't see how to solve a problem right away, I like to try different 
things to see If something might work. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 

^ DISAGREE 

REALLY DISAGREE 
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35. Math problems are dumb. 
R EALLY AGREE. 

AGREE 

CAN'T DECIDE 



DISAGREE 
REALLY DISAGREE 



36. After I read a problem, I like to think about what I know and what I 
don't know in the problem. 



REALLY AGREE 



AGREE 

CAN'T DECIDE 



DISAGREE 
REALLY DISAGREE 



37. Before I work a problem it sometimes helps to write down some of the 
things I know about the problem. 

REALLY AGREE 

^AGREE 

CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 



38. Math problems make me feel like I'm lost in a jungle of "numbers and 
can't find my way out. 

REALLY AGREE 

^AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 
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39, There are so many rules to learn in math that I just can't solve 
probiemgi> very well. 

^REALLY AGREE 

^AGREE 

CAN'T DECIDE 

^DISAGREE 

^REALLY DISAGREE 

40, [ don't worry about making a mistake when I work a problem, just as 
long as T finLsh quickly. 

REALLY AGREE 

-AGREE 

CAN'T DECIDE 

_ DISAGREE 

REALLY DISAGREE 
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DE-PARTKaNT OF SOCIOLCiY 
ITtK ANALYSIS PiCKAGt 
b WHITAKtJi PILOT STUDY OF STUDENT'S 

ITfcfr ANALYSIS FOP SCORE 1: FIRST HALF 



A CONSTANT OF u HAS BEEN AuDEO TO THIS SCORE 

C?0\oAChS ALPHA = .8351 

STANJARC ERROR CF MEASUREMENT = 3.3l0 
ITEK TO TOTAL CORRELATIONS 



1 

.5G3S7 
1 1 



.679C4 

^^ 

.SOSdl 



3 

.38202 

13 
.63233 



4 

.67428 

14 
.06120 



5 

.63739 



INTRUKEN"^ 



6 

.56393 



CUttTON CORRECTED TTEM TO TOTAL CORRELATIONS 

1 2 3 ^ 

.41304 .63C52 .303*.9 . 59b40 

11 12 13 U 

.3dC63 .77537 .55349 .54804 



5 

.55698 



6 

.4556*/ 
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IT Lr ANALYSIS PACKAGE 
-h:TA<E^ — PILOT STu^Y O? STUicST'S ISTROKcNT 
ITE* ANALYSiS FCR SCOkE 2: ScCCnD HAi.f 

$ CONST/ST Of C HAS BEEN ADDED TO THIS SuQRE 

CKC'.bACHi. Alpha = .cS8S 

STANDARD t'RikOR OF K^AioSErtENT = S.i63 
ITE.*^ TO TOTAL C C R K E w A T-I 0 S S 



15 
.63376 


1c 
.42560 


17 
.36215 


U 
.02&C6 


1 9 
.21203 


2C 
. 54o24 


21 
.70253 


22 
.2965i 


23 

.62876 " 


24 

" .25436 


.s:iS4 


.51343 


27 
.36SS4' 


25 
.755C1 


2 5 
.32036 


3C 
.0594^ 


31 
.66290 


32 
.45935 


33 
.5073: 


34 

.:i9i5 


35 
.7S653 


26 
.3 9c36 


37 
.27119 


3£ 
.63785 


39 
.6S641 


40 
.47653 










RECTED 


ITEK TC TOTAL 


CORRELAT ION S 
















15 


16 


17 


1£ 


19 


2: 


21 


22 


23 


24 


.55206 


.41949 


.27963 


>1 1937 


.14111 


.49075 


.65795 


.20922 


.57903 


.2C206 


25 


26 


27 


2o 


29 


30 


31 


32 


33 


34 


.4 5T2 9 


.4 5c55 


.32012 


.72275 


.24C15 


.64571 


.61237 


.376T9 


.45323 


-.35059 


35 


36 


37 


36 


39 


4C 










■72229 


.32£17 


.2 0069 


.58331 


.64301 


.41005 
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lT£.r ANALYSIS FOR SCORE 3: E\TlRh INSTRuHcnT 

A CONSTANT 2f . nAS BE£N ADDED TO THiS SCORE 

:CfcCNcACHSAw^nA= .?31c 

STANwAftC c'^nCA CF .HcASJREMENT = 6.AC7 
IT£« TO TOTAL CORRELATIONS 



1 


2 




4 


5 


c 


.42172 


.54756 


.35009 


.496 3 3 


. 5854 2 


. 38203" 


1 1 


. ' 12 


13 


14 


15 


16 


. 2 T 2c 7 
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POTKNTTAL ITEMS FOR INCLUSION IN A SCALE 
TO MEASURK TEACHERS ' ATTITUDES TOWARD PROBLEM SOLVING 



The next few pages contain a list of statements which purport to 
.easu eU-^entary'teachers- attitudes toward mathematical problem solving. 
For'conrparatlve purposes, and insofar as possible, the .terns parallel 
those included in the student list. 

Many more statements are included in this list" than will be used on 
the final teacher problem solving attitude scale.. Teachers w.ll be asked to 
respond to each item by checking, one of five responses: 

Strongly agree 

Agree 
Undecided 

V ■ Disagree ^ 

"strongly disagree 

Your candid reactions to the items are solicited and appreciated. 



* 

r>iijPsj^ns_f or the revicw ei^: 

(1) m your opinion, is the statement one which would help to reflect 
a teacher's attitude toward problem solving? 

(2) Tf your response to (1) is affirmative, does the statement seem 
to reflect a relatively favorable or relatively unfavorable 
attitude toward problem solving? Please so indicate before 
the item. 

(3) Tf your response to (1) is negative, place an X on the number 
of the item. 

PLEASE FKKL FREE TO COMMENT ABOUT. OR MAKE CHANGES IN. ANY ITEM, 
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The nature of the problem solving process ; 

1. Accuracy in solving a problem is more important than speed. 

2. Few mathematics problems require one to stop and think before 
solving. 

3. - After solving a problem, it is of little value to go back and 

check to see if the answer makes sense. 

4. A person should be careful in solving mathematics problems 
because some problems do not have answers. 

5. T do not like to vsolve puzzles of any type. 

6. It is a waste of time to draw a figure to help solve a mathematics 
problem. 

7. Accuracy is of little importance in solving a problem, as long as 
an answer can be obtained quickly. 

8. After reading a problem, and before solving, it is a good idea to 
think about the known and unknown factors in the problem. 

9. I enjoy trying new games. 

10. I prefer relaxing games to those which make one think. 

11. T enjoy playing games that really make a person think. 

12. When a question about a mathematics problem is left unanswered, 
I like to think about it later. 

13. I liave always enjoyed solving number sentences. 

14. Drawing figures to help solve problems is helpful. 

15. If a person does not see how to solve a problem right away, 

it is a good idea to try different approaches to see if something 
might work. 

16. After solving a problem, it is a good idea to go back and check 
to see if the answer makes sense!,. 

17. Mathematics is little more than a\ series of rules to be learned 
before solving problems. / 

IB. [ enjoy solving all types of puzzles. 

19. It is a good idea to think carefully about a mathematics problem 
' because some problems have many answers. ^ 
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Success In solving problems ; 

20. The number of rules one must learn in mathematics makes solving 
problems difficult. 

21. There are too many chances to make a mistake when solving 
mathematics problems. 

22. Even if I had unlimited time, I do not think I could solve some 
mathematics problems. 

23. I have always been able to solve puzzles as well as most of the 
people I (^ryow. 

24. Trying to solve a new type of mathematics problem is difficult. 

25. [ often have difficulty in knowing hov, to go about solving a 
problem. 

26. 1 do not mind solving problems if I see how to work them right 
away. 

27. If I had plenty of time, I believe I could be successful at 
solving most mathematics problems. 

28. A person should -not mind taking a chance on making a mistake 
when solving a problem. 

29. I believe I am as successful at solving mathematics problems as 
most other elementary teachers. 

Enjoyment of solving problems : 

30. Doing mathematics problems has always been fun for me. 

31. I enjoy solving all kinds of problems. 

32. Discovering the solution to a new mathematics problem is 
exciting. 

ri. r always liked most other school subjects better than mathematics, 

34. I have always enjoyed doing mathematics problems as long as they 
are easy and uncomplicated. 

)5. Mathematics was one of my favorite subjects in school. 

36. I* have usually found mathematics to be a dull subject. 

37. I do not particularly like doing difficult mathematics problems. 
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38. Solving mathematics problems is boring. 

39. I have always enjoyed solving mathematics problems. 

40. Mathematics problems are something I enjoy a great deal. 

41. I have always thought that mathematics problems are more like 
games than hard work. 

42. I enjoy working on a tricky mathematics problem. 

43. I have always considered mathematics problems to be a form of 
drudgery. 

44. The feeling that I have toward mathematics problems is a 
pleasant feeling. 

45. Mathematics problems take too long to solve. 

46. Most problems in mathematics are not very practical. 

47. I have always found mathematics problems to be dull and bdring. 

48. I have always felt that mathematics problems are fascinating 
and fun. ^ 

49. Mathematics problems, generally, are very interesting. 

50. Most mathematics problems are frustrating. 

Anxiety when solving problems : 

51. T have trouble understanding why some students think mathematics 
problems are fun. 

52. I often find myself unable to think clearly when working 
mathematics problems. 

53. It often makes me nervous to think about having to solve 
difficult mathematics problems. 

54. Mathematics problems often make me feel as though I am lost in a 
jungle of numbers and cannot find my way out. 

55. Trying to discover the solution to a new problem is a frustrating 
experience. 

56. T tend to get very upset with myself if I do not see how to solve 
a d 1 fficult problem. 
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57. Some mathematics problems just involve too many steps to bother 
with solving them. 

58 Regardless of how much effort I put forth, I still experience 
a feeling of confusion when solving mathematics problems. 

59. One might s^ay that I have a fear of solving mathematics problem-. 

V 
I 

Perseverance in solving problems ; 

60. I would rather have .<=.cineone tell me how to solve a difficult 
problem than to have to work it out for myself. 

61. If I cannot solve a problem right away, I like to stick with it 
until I have it solved. 

62. T have difficulty making myself think about a problem long 
enough to solve it. 

63. I do not particularly enjoy thinking about mathematics problems 
outside of school. 

64. I have always felt that there are too many steps necessary to 
solve most mathematics problems. 

65. I enjoy thinking about mathematics problems outside of school. 

66. I have always found it difficult to concentrate on mathematics 
problems for a very long period of time. 

67. Most mathematics problems, other than the simplest types, take 
too long to solve. 

68. I would rather solve a problem myself than have someone show 
me how to solve it. 

69. If I cannot solve a problem right away, I tend to give up. 

70. I can always find time to work on mathematics problems. 

The teaching oT problem solving ; 

71. I encourage my students to use trial-and-error when solving 
many math problems. 

72. I like to stress with my students that there are often many 
different ways to solve the same problem. 
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73. A teacher should always do sample problems for students before 
making an assignment. 

74. I think students should be encouraged to use the method that 
suits them best when solving a problem. 

75. I like to spend much of the time in math class showing students 
how to work problems. 

76. Students need drill in problem solving skills just as they need 
drill in computational skills. 

77. A teacher should insist that students find their own methods 
for solving problems. 

78. Memorizing procedures to solve problems is helpful for toost 
students. 

79. I Like to emphasize with my students that, in mathematics, 

some problems have many answers, and some problems have no answer. 

80. Knowing how to compute is about all that is necessary for 
solving most malh problems. 

81. I encourage my students to dheck their answers to pioblems 
to see if the answers actually make sense. 

82. Students who do not see how to solve a problem right away 
should be encouraged to try and think of another problem 
like that one. 

83. A teacher should demonstrate models for solving problems so 
the students can imitate them. 

84. I like to encourage my students to adopt a stop-and- think 
attitude when solving problems. 

85. The development of computational skills should take precedence 
over the development of problem solving skills in the teaching 
of elementary mathematics. 
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TEACHER SCALE 
(Pilot) 

On the next few pages are some statements related to mathematical 
problem solving. Read each statement, think about it, and mark the respon 
which best represents your feelings with regard to the statement. Five 
possible responses are listed for each item. 
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I have always found solving mathematics problems to be dull and 
boring. 

Really agree 

A gree 

^Can' t decide 

Disagree 

___Jleally disagree 

I enjoy playing games that Involve some intellectual challenge. 

Really agree 

^Agree 

Can' t decide 

Disagree 
Really disagree 

The feeling that I have toward mathematics problems Is a pleasant 
feeling. 

__Really agree 

^Agree 

_^Can* t decide 

Disagree 

^Really disagree 



I do not like to solve puzzles of any type. 

Really agree 

Agree 

^Can't decide 

^Disagree 

Really disagree 

One might say that I have a fear of solving mathematics problems. 

Really agree 

Agree 

_ Can't decide 

^Disagree 

Really disagree 

Regardless of how much effort I put forth, I still experience a feeling 
of confufllon when solving mathematics problems. 

Really agree 

^Agree 

^Can' t decide 

Disagree 

Really disagree 
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After .solving a problem, it is of little valiip to go back and c 
see if the answer makes sense. 

_ Really agree 

Agree 

_Can' t decide 
Disagree 
1 ^Really disagree 

I enjoy thinking about mathematics problems outside of school. 

Really agree 

^Agree 

_Can* t decide 

^Disagree 

Really disagree 

Trying to solve a new type of mathematics problem is a frustrating 
experience. 

^Really agree 

Agree 

" _Can* t decide 
Disagree 
Really disagree 

I have always thought that mathematics problems are more like games 
than hard work. 

Really agree 

^Agree 

Can't decide 

Disagree 
*_] "_^Really disagree 

II T cannot solve a prob^^jn right away, I tend to give up. 

_ Re.'ilJy agree 
_ Agree 

Cap* t decide 

D Isagree 

RenLly disagree 

! brllevi' i am as successful at solving mathematics problems as most 
other teachers. 

Ke/il ly agree 
Agree 

Can't decide 
^Disagree 
Really disagree 
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13. Mathematics problems, generally, are very interesting. 

_ReaIly agree 
_ Agree 

Can' t decide 

Disagree 

Really disagree 

. ' / 

14. Mathematics problems take too long to solve. 

Really agree 

^Agree 

Can' t decide 
^Disagree 

Really disagree 

15. The number of rules one must learn in mathematics makes solving 
problems dif f icult . 

^Really agree ■ — * 

Agree 

Can' t decide 

Disagree 

Realjy disagree 

16. Mathematics problems often make me feel as though I am lost in a jungle 
of numbers and cannot find my way out. 

^Really agree 

^Agree 

^ Can ' t decide 

Disagree 

Really disagree 

17. Doing mathematics problems has always been fun for me. 

Really agree 

^Agree 

Can't decide 

_^Disagree ^ 

Really disagree \ 

18. 1 hnvc trouble understanding why some students think mathematics 
problemH are fim. 

KcmI 1 y agree 
Agree 

Can' t decide — 

Disagree 
^Really disagree 
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20. 



21. 



ff I had plenty of time, I believe I could be successful at solving 
most mathematics problems. 

Really agree 

^Agree 

Can't decide 

Disagree ' \ 

_ Really disagree 

It' a person does not see how to solve a problem right away, it is a 
good jdc-a to try different approaches to see If something might work. 

ReAliy agree 

^Ag.ree 

Cah' t decide 

^Disagree 

^Really disagree 

1 enjoy trying new games. 

, R^eally agree 

;Agree 

Can't decide 

Disagree 



Rieally disagree 



I enjoy solving puzzles. 



Rially agree 
Agree 

Cian' t . decide 
Disagree 
Really disagree 



23. Drawing digures to help solve some problems is helpful. 



RbaJ ly agree 




Cjan' t decide 
Dli sagrce 
RjeM I ly disagree 



,'4. Most marhemat'lrs problems are frustrating. 



R*m1 Lv a^rec^ 
A)',i<^<* 

I) (s,ip, r er 

Real Ly (ilfuip^ree 
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25. I do noi. raLnd Holving mathematics problems if I see how to work them 
right away. 

Really agree 
Agree 

Can't decide 

^Disagree - 

~~ Really disagree \ 

26. I have difficulty making myself think about a problem long enough to 

.^oive it. 

■J 

j Really agree 

. I ^Agree 

r ^ _ Can't decide 

^'i ^Disagree 

Really disagree 

27. I enjoy working on a tricky mathematics problem. 

Really agree 

Agree 

Can't decide 

Disagree 

Really disagree 



28. 



After reading a problem, and before solving, it is c good idea to 
think about the known and unknown factors in the problem. 

Really agree 

^Agree 

Can't decide 



Disagree 
J_ Really disagree 

29. r do not particularly enjoy thinking about inaLhematics problems outside 
of school. 

Really agree 

Agree 

Can't decide 

Di sagree 

Real ly disagree 

)0. I would rather solve a problem myself than have someone show me how to 

HOlve It. 

Really agree 
Agree 

Can't decide 
Disagree 
Really disagree 
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31. After solving. a problem, it is a good idea to go back and check to see 
if the answer makes sense. 

Really agree 

Agree 

^Can' t decide 

Disagree 

Really disagree 

32. I enjoy solving all kinds of problems. 

Really' agree 

^Agree 

^]_ Can' t decide 

Disagree 

_ Really disagree 

33. Some mathematics problems just involve Loo many steps to bother with 
solving them. 

^Really agree 

Agree 

^Can' t decide 

Disagree 

Really disagree 

34. I have always considered mathematics problems to be a form of drudgery. 

^Really agree 

Agree 

Can't decide 



^Disagree 

Really disagree 

35. Ft Is a waste of time to draw a figure to help solve a mathematics 
p rohl em. 

RcsiJ ly agree 
Agree 

C:ari' t decide 
Disagree 
Really disagree 

]b. Trying to discover the solution to a new type of mathematics problem 
is an exciting experience. 

Real 1 y agree 
Agree 

Can' t decide 
_ Disagree 
Really disagree 
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37. T often find myself unable to think clearly when trying to solve 
mathematics problems. 

Really agree f 

^Agree 

Can't decide 

Disagree i 

Really disagree 

38. Mathematics problems are something I enjoy a great deal. 

Really agree 

Agree 
• Can' t decide 

^Disagree 

Really disagree 

39. If T cannot solve a problem right away, I like to stick with it until 
I have it solved. 

^Really agree 

Agree 

^Can' t decide 

^Disagree 

^Really disagree 

40. A person should not mind taking a. chance on making a mistake when solving 
a problem. 

Really agree 

Agree 
^ Can't decide 

Disagree 

Really disagree 

41. Most mathematics problems, other than the simplest types, take too long 
to solve. 

_ Really agree 

Agree ' 
Can' t decide 
Dlnagree 
Really disagree 

/♦2. Whf»n a <iuoHtion about a mathematics problem is left unanswered, I like 
to think nhoiit It later. 

KoM I 1 y agree 

Can'r decldo 
_ Disagree 
Really disagree 

2j{) 



254 



Ai. I am challenged by mathematics problems I cannot immediately solve. 



Really agree 
Agret^ 



Disagree 
Really disagree 



44. It Is a j^ood idea to think carefully about mathematics problems, becaiise 
.some problems have many answers. 



Really agree 
Agree 

Can't decide 
Disagree 
Really disagree 



45. Discovering the solution to a new mathematics problem is exciting. 



Really agree 
Agree 

Can't decide 
Disagree 
Really disagree 



4f). It makes me nervous to think about having to solve difficult 
mathematics problems. 



Really agree 
Agree 

Can't decide 
Disagree 
Really disagree 



47. 1 do not particularly like doing difficult mathematics problems. 



Really agree 
Agr(^e 

Can' t decide 



Really disagree 



48. I have always found difficult to concentrate on mathematics problems 
for a very long period of time. 



Really agree 
Agree 

Can't decide 
Disagree 
Really disagree 



Can't decide 



Disagree 
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49. Mathematics Is little more than a series of rules to be learned before 
solving problems. 

^Really agree 

Agree 

^Can't decide 

^Disagree 

Really disagree 

50. I would rather have someone tell me how to solve a difficult problem 
than to have to work it out for myself. 

Really agree 

Agree 

^Can*t decide 

^Disagree 

Really disagree 
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APPENDIX D 

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCALES 



295 



258 



S 



YOUR FIRST NAME_ 
TEACHER'S HAME 



STUDBir SCALE 



(Time 1) 



jGlrl 
Boy 



Experimental Copy 
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PART I 



DIRECTIONS: In this part of the booklet' are some statements that are not 
finished. We want you to finish each statement by telling us 
how you feel about the statement. Here Is an example to show 
you what to do. . 

EXAMPLE: The way I feel about doing subtraction problems Is 



the face that tells how you feel about the statement. 



Remember, there are no right or wrong answers. You may not feel the 
way that other students do. but that Is all right. Just mark exactly 




how you feel. 



When you come to the word STOP. 



wait for directions before going on. 



YOU MAY TURN THE PAGE AND BEGIN. 
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i. The way 1 feel about math class is 



© © © © © 



2. The way. I feel about long math problems is 

©©© ©© 



3. The way X feel about solving puzzles is 

©© © ©0 



4. The way I feel about doing math problems is 

© © © © © 
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5. If we spent more time In school doing math problems, I woul^ be 

©©©©Q 



6. Finding out how to solve a new kind of math problem makes me feel 



©© © ©© 



7. Thinking about math problems* outside of school makes me feel 

© © © © © . 



8. The way T feel about tricky math problems is 

i 

©©© ©© 
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9. Trying to work a new kind of math problem makes me feel 



—©© © ©© 

10. Talking about things we do in math makes me feel 

©© © ©© 



11. The way I feel about hard math problems is 

©©© ©© 



12. The way I feel about playing games that really make you think 

t 

© © © © ® 

a 

STOP. WAIT FOR DIRECTIONS BEFORE GOING ON. 
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PART II 



In tht^ next part are some statements made by boys and\girls like you. 
We want you to read the statements and then tell us how you f^el about them. 
Here is an example to show you what to do. 

EXAMPLE: I like to work most addition problems. 

^REALLY AGREE 

^AGREE 

CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 



Put an X in the blank which tells how you feel about the statement. 

If you feel the same way about the statement, put an X by AGREE. 

If you really feel the same way,^ put an X by REALLY AGREE. 

If you don't feel the same way, put an X by DISAGREE. 

If you really don't feel the same way, put an X by REALLY DISAGREE. 

If you are not sure how you feel,, put an X by CAN'T DECIDE. 

There are no right or wrong answers in this part either. Just mark 
exactly how you feel. 

When you finish, put your pencil down and wait quietly for the rest 
of the class to finish. 
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13. I don't like to do problems unless I see how to work them right away. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



14. After I read a problem, I like to think about what I know and what 
I don't know in the problem. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



15. I would rather do almost anything else than try to solve a math problem. 
R EALLY AGREE 

_AGREE 

^CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



16. When I have a problem that I can't solve right away, I stick with it 
until I have it solved. 

^REALLY AGREE 

AGREE 

^CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 
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17. I would rather work a problem myself than have someone show me how 
to work it. 

^REALLY AGREE ' 

^AGREE 

CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



18. I am afraid of doing math problems. 

^REALLY AGREE 

AGREE 

CAN'T DECIDE 

I) IS AGREE 

REALLY DISAGREE 



19. Before I work a problem it sometimes helps to write down some of the 
things I know about the problem. 



REALLY AGREE 



AGREE 

CAN'T DECIDE 



DISAGREE 
REALLY DISAGREE 



20. Trying to solve a new kind of math problem is hard for me. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 
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21. Math problems are more like games than hard work. 

R EALLY AGREE 
^AGREE 

CAN'T DECIDE 
^DISAGREE 

REALLY DISAGREE 



22. No matter how hard I try, I have trouble understanding math problems. 

R EALLY AGREE 

^AGREE 

^ ^CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



23. I try to read a problem carefully before I solve it. 

R EALLY AGREE 

^AGREE 

^CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



24. Math problems are dumb. 

^REALLY AGREE 

AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 
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25. Math problems make me feel like I'm lost in a Jungle of numbers and 
can't find my way out. 



REALLY AGREE 



AGREE 

CAN'T DECIDE 
DISAGREE 
REALLY DISAGREE 



26. There are so many rules to learn in math that I just can't solve 
problems very well. 

REALLY AGREE 

^AGREE 

CAN'T DECIDE 
DISAGREE 

REALLY DISAGREE . 



27. It makes me nervous just to think about having to do a math problem. 

R EALLY AGREE 

AGREE 

CAN'T DECIDE 

^DISAGREE 

^REALLY DISAGREE 

28. 1 don't mind taking a chance on making a mistake when 1 try to 
solve a problem. 

^REALLY A(;REE 

_ ^ ^^^GREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 
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29. There are Just too many steps needed to get the answers to most 
math problems. 

R EALLY AGREE 

AGREE 

^CAN'T DECIDE 

DISAGREE 



REALLY DISAGREE 



30. I can't make myself think about a problem long enough to solve it. 
R EALLY AGREE 
AGREE 

CAN'T DECIDE \ 



DISAGREE 
REALLY DISAGREE 



31. I have a hard time thinking when I try to work a math problem. 
R EALLY AGREE 
AGREE 



CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



32. After I get an answer to a problem, I think it's silly to go back and 
check to see if my answer makes sense. 



REALLY AGREE 



AGREE 



CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 
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33. I can do math problems about as well as most other students in my class, 

^REALLY AGREE 

^AGREE 

^CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



4. Before I work some problems, I like to stop and think about them. 

REALLY AGREE 

AGREE 

^C\N'T DECIDE 

^DISAGREE 

REALLY DISAGREE 



35. T don't understand why some students think that solving math problems 
Is fun* 



REALLY AGREE 



AGREE 



CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



36. r don't worry about making a mistake when I work a problem, just as 
long as I finish quickly. 

REALLY AGREE 

ACREE 

CAN'T DECIDE 
DISAGREE 
REALLY DISAGREE 
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YOUR FIRST NAME 1_ 

TEACHER'S NAME 

^Girl 

^Boy 



STUIOT SCALE 

(Time 2) 



EXPERIMENTAL COPY 
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PART I 



DIRECTIONS: In this part of the booklet are some statements that are not 
finished- We want you to finish each statement by telling us 
how you feel about the statement- Here is an example to show 



Put an X on the face that tells how you feel about the statement - 



Remember, there are no right or wrong answers- You may not feel the 
same way that other students do. but that is all right. Just mark exactly 
how you feel. 

When you come to the word STOP, wait for directions before going on. 



YOO MAY TURN THE PAGE AND BEGIN. 



you what to do. 



EXAMPLE: The way I feel about doing subtraction problems is 
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1. If we spent more time in school doing math problems, I would be, 

© © © © © 

2. The way I feel about solving puzzles is 

© © © © © 

3. Finding out how to solve a new kind of math problem makes me feel 

© © © © © 

4» The way I feel about hard math problems is 

©©©©© 
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p- 

5. Talking about things we do in math makes me feel 

© © © © © 



6. The way I feel about long math problems is 

© © © © © 



Thinking about math problems outside of school makes me feel 

©© © ©© 



The way I feel about playing games that really make you think is 

© © © © © 



7. 



8. 
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9. Trying to work a new kind af oath problem makes fne feel 

©©© ©© 



10. The way I feel about tricky math problems Is 

©©©©© 



11. The way I feel about doing math problems Is 



© © © © © 



12, The way I feel about math classs Is 

©© © ©© 
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PART II 



In this next part are some statements made by boys and girls like you. 
We want you to read the statements and then tell us how you feel about them. 
Here is an example to show you what to do. I 

EXAMPLE: I like to work most addition problems, 

REALLY AGREE 

A GREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



Put an X in the blank which tells how you feel about the statement. 

If you feel the same way about the statement* put an X by AGREE, 

If you really feel the sane way, put an X by REALLY AGREE, 

If you don't feel the same way, put an X by DISAGREE. 

If you really don't feel the same way, put an X by REALLY DISAGREE. 

If you are not sure how you feel, put an X by CAN'T DECIDE. 

There are no right or wrong answers in this part either. Just mark 
exactly how you feel. 

When you finish, put your pencil down and wait quietly for the rest 
of the class to finish. 
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13. I am afraid of doing math problems. 

^REALLY AGREE 

^AGREE 

C AN'T DECIDE 

DISAGREE 

REALLY DISAGREE 



14. I don't mind taking a chance on making a mistake when I try :to 
solve a problem. 

— ^ R EALLY AGREE 

^AGREE 

^CAN'T DECIDE 

DISAGREE ' 

-- - > 

REALLY DISAGREE 

15. I would rather work a problem myself than have someone show me 
how to work it. 

, R EALLY AGREE 

^AGREE 

C AN'T DECIDE 
^DISAGREE 

REALLY DISAGREE 



16. After I read a problem, I like to think about what I know and 
what I don't know in the problem. 

^REALLY AGREE 

^AGREE 

C AN'T DECIDE 
^DISAGREE 

REALLY DISAGREE 
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17.- I have a hard time thinklng^ wheiul txy to work^a math problem. ^ 

R EALLY AGREE 

^AGREE 

^CAN'T DECIDE 

DISAGREE ,. I 



REALLY DISAGREE 



18. It makes me nervous just to thlnk^about having to do a math problem. 
REALLY AGREE 



AGREE 

CAN'T DECIDE 



DISAGREE 



REALLY DISAGIIEE 



19, I can't make myself think about a problem long enough to solve it. 
R EALLY AGREE 
AGREE 



CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



20. I don't like to do ptoblems unless I see how to work them right 
away. ^ - 

^REALLY AGREE 

A GREE 

CAN'T DECIDE 



DISAGREE 
REALLY DISAGREE 
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21. When I have \ problem that I can't solve right away, I stick with it 
until ITiave" Xt: aatv^d. - — 



REALLY AGREE 



AGREE 

CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



22. Before I work a problem it sometimes helps to write down some of 
the things I know about the problem. ^ 

R EALLY AGREE 

AGREE 

CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



23. There are so many rules to learn in math that I just can't solve 
problems very well. 

REALLY AGREE 

AGREE 



CAN'T "DECIDE 



DISAGREE 



REALLY DISAGREE 



24, Math problems are more like games than hard work. 
R EALLY AGREE 
AGREE 



CAN'T DECIDE 




DISAGREE 



^ REALLY DISAGREE 
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25. Math problems make me feef like I'm' lost in a jungle of numbers 
and ran't find mv vay out. 

■ R EALLY AGREE 

AGREE 

C AN'T DECIDE 
^DISAGREE 

REALLY DISAGREE 



26. Before I work some problems, I like to stop and think about them. 

REALLY AGREE 

^AGREE 

CAN'T DECIDE 

DISAGREE 

REALLY DISAGREE * 



27. I don't worry about making a mistake when I work a problem, just 
as long as I finish quickly. 

^ ^REALLY AGREE 

^AGREE 

^CAN'T DECIDE 

_DISAGREE 

^REALLY DISAGREE 

■28. Trying to solve a new kind of math problem is hard for me.- 

REALLY AGREE 

A GREE 
„ CAN'T DECIDE 

^DISAGREE 

REALLY DISAGREE 
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29. Math problems are dumb. 
R EALLY AGREE 
AGREE 



CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



30. I can do math problems about as well as most other students In 
my class. 

REALLY AGREE 



AGREE 

CAN'T DECIDE 



DISAGREE 



REALLY DISAGREE 



31. 



I try to read a problem carefully before I solve it. 
r IaLLY AGREE 
AGREE 

I'T DECIDE 



C/ 

pij^AGREE 

LY DISAGREE 



32. After I get an answer to a problem, I think it's silly to go back 
and chepk to see' if my answer makes sense. 

LLY AGREE 

AGlllEE 



_CAN'T DECIDE 
DISAGREE 
REALLY DISAGREE 
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33. I don't understand why some students think that solving math 
problems is £ui|. 

R EALLY AGR^p 

^AGREE \ 

CAN'T DECIDE \ 



■y 

DISAGREE .'^ 
REALLY DISAGREE 



f, 
> 

34, I would rather do d'lmost anything else than try to solve a math 
problem. / 



ysii^ agr: 



J^GREE 

CAN'T DECIDE 



^DISAGREE 
REALLY DISAGREE 



35. No matter how hard I try, I have trouble understanding math problems, 
^REALLY AGREE 

^AGREE 

CAN'T DECIDE 

_DISAGREE 

REALLY DISAGREE 

36. There are just too many steps needed to get the answers to most 
math problems. 

REALLY AGREE 

AGREE 

CAN'T DECIDE 



DISAGREE 
REALLY DISAGREE 
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NAME 

SCHOOL : 

1. Have you taught DMP before this 
school year? 

2. Have most of your students been 
in DMP before? 



3. What DMP topics have you covered 
thus far this year? 



TEACHER SCALE 
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On this and the following pages are some statements related to mathematical 
problem solving. Read each statement, think about it, and mark the response 
which best represents your feelings with regard to the. statement. Five 
possible responses are listed for each item. 



1. I enjoy playing games that involve some intellectual challenge. 

^always 

usually 

s ome t ime s 
__seldom 

never 



2. A person should not mind taking a chance on making a mistake when 
solving a mathematics problem. 

really agree 

agree 

_^can't decide 

^_ ^disagree 

^ really disagree 



3. I encourage my students to check their answers to problems to see if 
the answers actually make sense. 

^always 

usually 

^sometimes 

seldom 

^ never 



4. i tend to think of mathematics problems as being more like games than 
hard work. 

^always • 

_u9ually 

sometimes 

seldom 

^ixever 

5. Mathematics problems are something that I enjoy a great deal^. 

really agree 

^agree 

^can' t decide 

^disagree 

really* disagree 

391 
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6. I do not particularly enjoy thinking about mathematics problems 
outside of school. 

^really agree 



jagree 

can •t deVride 
disagree 
"really disagree 



7. Mathematics problems, generally, are very interesting. 

^really agree 

agree 

can' t decide 



^disagree 
really disagree 



8. I like to stress with ray students that there are often many different 
ways to solve the same problem. 

_really agree 

^agree 

^can't decide 

disagree i 

r eally disagree 

9. With sufficient time I believe I could be .successful at solving most 
mathematics problems. 

^really agree 

agree 

^can't decide 

d isagree 
^really disagree 



10. I find solving mathematics problems to be dull and boring. 

*'.♦,- 

^always . 

^usually 

^sometimes 

seldom 

never 



er|c 



•322 



285 



11. I do not particularly like doing difficult mathenwit ics problems. 

really agree 

agree 

^cap't decide 

^ d isagree 
^really disagree 



12. Trying to discover the solution to a new type of mathematics problem 
is an exciting experience, 

always 

usually 

sometimes 

^seldom 

' never 



13. I find it difficult to concentrate on mathematics problems for a very 
long period of time. 

^really agree 

_^gTee 

^can't decide 

_disagree 

really disagree 



14. I often find myself unable to think clearly when trying to solve 
mathematics problems. 

really agree 

^agree 

c an't decide 
^disagree 

really disagree •* 



15, Most mathematics problems, other than the simplest types, take too 
long to solve. 

. ^really agtee 

^agree . 

^ ^can*t decide 

^disagree 

really disagree 
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16, I enjoy solving puzzles, 



always 
jusually 
sometimes 
seldom 



never 



17. I have trouble understanding why some students think mathematics 
problems are fun. 

^really agree 



^agree 

^can't decide 
^disagree 
jreally disagree 



18. I enjoy working on a tricky mathematics problem, 
always 



_^usually 
sometimes 
seldom 



never 



19. I believe I am as successful at solving mathematics problems as most 
other teachers I know. 



always 
usually 
sometimes 
^seldom 
never 



20. I would rather have someone tell me' how to solve a difficult problem 
than to have to work It out for myself. 



jalways 
usually 
^some times 
^seldom 
""never 
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21. One might say that I have a fear of solving mathematics problems* 

really agree 

agree 

^can't decide 

disagree 

really disagree 



22. I consider mathematics problems to be a form of drudgery. 

always 

u sually 

s ometimes 
seldom 

never 



23. I am challenged by mathematics problems that I cannot immediately 
solve. 

> really agree 

. a gree 

^can't decide 

^disagree 

really disagree 



24. I think students should be encouraged to use the method that suits 
them best when solving a problem. 

really agree 

^agree 

^can't decide 

disagree 

^really disagree 



25. Mathematics problems make me feel as though I am lost in a jungL 
of numbers and cannot find my way out. 

^always 

^usually 

sometimes 

seldom . ' " 

never 



ERIC 



3 

/ ^ 



288 



26. Regardless of how much effort 1 put forth, I experience a feeling of 
confusion when solving mathematics problems* 

aWays 

usually 

^sometimes 

^seldom 

never 

27. I like to encourage my students to adopt a stop-and-thlnk attitude 
when solving problems. 

^always 

^usually ^ 

s ometimes 

s eldom 

never 



28. The number of rules one must learn In mathematics makes solving 
problems difficult. 

^re^lly agree 

^agree 

^can*t decide v 

disagree ( 

^really disagree , 

29. I encourage my students to use trlal-and-error procedures when 
solving many mathematics problems. 

^really agree 

^agree 

can't decide 

disagree 

^really disagree 

30. I have difficulty making myself think about a problem long enough 
to solve It. 

. . ^always. 

u sually , * ' 

^sometimes * ^ 

seldom - 

never 



ERIC 



326 



289 



31. I like tp emphasize with my students that. In mathematics, some 
problems have many answers, and some problems have no answer. 

always 

;_jusually . . 

sometimes 

^seldom 

never 

It Is a waste of time to draw a figure to help solve a mathematics 
problem. 

really agree 

agree 

^can*t decide 

jdlsagree 

^really disagree 



33. Most mathematics problems are frustrating. 

* 

really agree 
agree 

can't decide 
disagree 
really disagree 



34. Knowing how to compute Is about all that Is necessary for students 
to be able to solve most mathematics problems In elementary school. 

really agree 

^agree 

^can' t decide 

^disagree 

really disagree . • 



35. If I cannot solve a problem right away, I like to stick with It 
until I have It solved. 

t J ^always , \ 

u sually. 

^soraeffTies ' r ^ - 

^seldom 

never 
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The development of computational skills should take precedence over 
the development of problem solving skills in the teaching of elementary 
school mathematics. 

really agree 

\ agree V 

^can' t decide 

disagree 

really disagree 



The feeling that I have toward mathematics problems is a pleasant 
feeling. ^ 

^really agree 

a gree 

c an ' t decide 

disagree 

^really disagree 



If I cannot solve a problem right away, I tend to give up. 

always 

u sually 

^Bome times 

^seldom • 

never 



I makes me nervous to think about having to solve difficult 
mathematics problems. 

always 

usually 

s ometimes 

s eldom 

n ever 

Students who do not see how to solve a problem right away should 
be encouraged to try and think of another problem like that one. 

really agree 

"2 ^agree 

^can't decide 

] clisagree 

really disagree 
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NAME 

SCHOOL 



What DMP topics have you covered 
this school year? 
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On this and the following pages are some statements related to mathematical 
problem solving. Read each statement, think about it, and mark the response 
which beet represents your feelings with regard to the statement. Five 
possible responses are listed for each item. 



1. It is a waste of time to draw a figure to help solve a mathematics 
problem. 

really agree 

agree 

c anltL_de_cide 

disagree 

^really disagree 

2. I find solving mathematics problems^ to be. dull and boring. 

^always . ^ 

usually 

^sometimes 

s eldom 
never 

3. I enjoy solving puzzles. 

r a lways 
usually 

s ometimes 
^seldom 

n ever 

4. I consider mathematics problems to be a form of drudgery. 

^always 

usually 

^ ^sometimes 

^seldom 

^never 

5. I am challenged by mathematics problems that I cannot immediately solve 

^really agree 

agree 

c an't decide 

^disagree 

really disagree 
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6." A person should not mind takin mistake when 

solving a mathematics problem. 

^ really agree 



10, 



jagree 

_can' t decide 
^disagree 
really disagree 



I encourage my students to use trial-and-error procedures when solving 
many mathematics problems. 

really agree 

^agree 

' c an't decide 

^disagree 

^really disagree 



8. Mathematics problems are something that I enjoy a great deal. 



^really agree 
_agree 

can't decide 
^disagree 

really disagree 



\ 

Most mathematics problems, other than the simplest types, take too 

long to solve. "^n^ ' 



really agree 
agree 

can't decide 
disagree 
"^really disagree 



I enjoy playing games that involve some intellectual challenge. 

^always 

^usually 

s ome t ime s 

seldom 

never 
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11. I believe I am as successful at solving mathematics problems as most 
otKer tescherBT I laiow. ~ ' 

^always 

u sually 
sometimes 

s eldom 

never 



12. I think students should be encouraged to use the method that suits them 
best when solving a problem. 

^really agree 

a gree ' 
can't decide 



jlisagree 
"really disagree 



13. I encourage my students to check their answers to problems to see if 
the answers actually make sense. 

always 



usually 
jsome times 
seldom 



never 



14. I tend to think of mathematics problems as being more like games than 
hard work. 

always 



_usually 
jsome times 
j9(eldom 
never 



15. I often find myself unable to think clearly when trying to solve 
mathematics problems. 

really agree 



^agree , 

can't decide 

disagree 
''really disagree 
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16, I would rather have someone tell me how to solve a difficult problem 
than to have to work it out for myself. 



always 

usually 

^sometimes 

^seldom 

never 

17. Trying to discover the solution to a new type of mathematics problem 
is an exciting experience. 

always 

^usually 

sometimes 

^seldom 

never 

V- ' , 

18, I like to stress with my students that there are often many different 
ways to solve the same problem. 

really agree 

^agree 

^can*t decide 

disagree 

really disagree 



19. Mathematics problems make me feel as though I am lost in a jungle of 
numbers and cannot find my way out. 

^always 

usually 

^sometimes 

s eldom 
^never 

20. Students who do not see how to solve a problem right away should be 
encouraged to try and think of anather problem like that one. 

_really agree 

_agree 

can't decide 

d isagree 
really disagree 
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1 have difficulty making myself think about a problem long enough 
to— solve Iti „ ^ — 

always 



jusually 
sometimes 

^seldom 
never 



V 

I have trouble understanding why some students think mathematics 
problems are fun. 

really agree 

a gree 

can't decide 



disagree 

"really disagree 



One might say that I have a fear of solving mathematics problems. 



really agree 
agree 

"can't decide 
disagree 
really disagree 



I like to emphasize with my students that, in mathematics, 
problems have many answers, and some problems have no answ 

always 

usually 

^sometimes 

^seldom 

never 



I find it difficult to concentrate on mathematics problems for a 
very long period of time. 

^really agree ^ 

agree 

^can't decide 

disagree 

really disagree 
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26. If I cannot solve a problem right away, I like to stick with it until. 
T~1iav€~tt solved^. ~ 



^always 

u sually 
^sometimes 

s eldom 
never 

27. I do not particularly like doing difficult mathematics problems. 

really agree 

^agree 

^can't decide 

disagree 

^really disagree 



28. Most mathematics problems are frustrating. 

^really agree 

agree 

can't decide 

d isagree 
^really disagree 



29. I enjoy working on a tricky mathematics problem. 

a lways 

^usually 

^sometimes 

^seldom 

never 



V 30. Mathematics problems, generally, are very interesting. 

^really agree 

^agree 

can't decide • 

disagree 

really disagree 
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31. The feeling that I have toward mathematics problems Is a pleasant 

- fieel±ng>""- ' - - 

^really agree 

agree 

can't decide 

disagree 

^really disagree 

32. I like to encourage my students to adopt a stop-and-thlnk attltud 
when solving problems. 

^ always 

usually 

s ometimes , 

^seldom 

^ never 

33. I do not particularly enjoy thinking about mathematics problems 
outside of school. 

really agree 

agree 

c an' t decide 

disagree 

really disagree 



34, Regardless of how much effort I put forth, I experience a feeling 
confusion when solving mathematics problems. 

always 

u sually 

s ometimes 

^seldom 

never 

35, If I cannot solve a problem right away, I tend to give up. 

a lways 

usually 

sometimes 

^seldom 

never 
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36. The number of rules one must learn In mathematics makes solving 
problems difficult. 



^really agree 

^agree 

^can' t decide 

disagree 

really disagree 

37. It makes me nervous to think about having to solve difficult 
mathematlca probleijois. 

^always 

u sually 

sometimes 

^seldom 

^never 

38. The development of computational skills should take precedence 
over the development of problem solving skills in the teaching 
of elementary school mathematics. 

^really agree 

^agree 

. c an^t decide 

disagree 

^really disagree 



39. With sufficient time I believe I could be successful at solving 
most mathematics problems. 

^really agree 

^agree 

^can-t decide 

^disagree 

really disagree 



40. Knowing how to compule Is about all that Is necessary for students 
to be able to solve most mathematics problems In elementary school. 

^really agree 

^agree r ■ 

can't decide 

d isagree 

really disagree 
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APPENDIX E 
ITEM ANALYSES FOR ATTITUDE SCALES 
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Ur.'IVCRSITY of ftlSCOiSIN 
DCPART-CM OF SCCIOLOGY 
. _ iUH^ A'JAUYSlS ^AC<1^^ 

Time 15 \jzf* analysis for score i: part i 



L« TO TOTAL CC«R£LAflON5 



I 

.71197 



.7215S 
•33376 



• Si MO 



.71965 



S 

#70301 



6 

,5**012 



7 

•&6789 



8 

..63703 



9 

.6 29 22 



10 
.62213 



CJ « e T O H COR^tC T g P ITEh TO TOTAL CORRC WATIcNS 

1 2 3, S 



•6C567 
•6304S 



.6^86S 

12 
•23723 



.29901 



.66018 



• 601 19 



6 



7 

^T666T 



8 

~.5Vr32~ 



9 



10 

.539T0 
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UNIVERSITY OF w'ISCOnSIN 
OEfARTMEM OF SOCIOLOGY 

XTin .*i*ALlSlS -PACKx6.t_ 

D. WHITaKCR 

Time 1: ueh Aruttsis for score 2: part 2 



STANDiRD ERRO R pF '*^ASUREM£^:T » S>*< 96 





ITCH TO TOTAt CORRELATIONS 




















-13 

.36**0*t 


I** 
.2786M 


-IS 
•5M629 


16 
•27339 


17 
.23500 


-18 
,523**9 


19 
,45589 


-20 
.39366 


2\ 
.<*1869 


-22 
• &7**2S 




23^ 
.3««fl25 


-2** 
.40202 


-2S 
•672C9 


-26 
•60902 


-27 

•68285 


28 
-.05927 


-29 
.6272«l 


-30 

• 572$** 


-31 
.58309 


-32 
•185 15 




33 
.32^21 


3** 
.26M87 


-3S 
.S7886 


-36 

•M3MS2 
















„c uREr 0 K CO gR e cr ep_ 

-13 


iTgM TO TOTAL 


C0RRELAT_LQri5 




• 














-15 


16 


1 7 


-18 


19 


-20 


2\ 

. 322'5CI~ 
-31 


.507^5 
-32 




~" .2731 r 

23 


•20627 
-2** 


•H6S80 
-25 


•17515 
-26 


• 12987 
-27 


,«<66«<2 
28 


.07176 
-29 


.30930 
-30 




.28620 


.S37S1 


.62262 


.55035 


•63161 


-.15339 


•57207 


.51063 


.51835 


.10**24 




33 
•23t7S 


" 3 M 
.20949 


~" -35 
•S055S 


-36 
•35063 
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UrilVERSlTY Of WISCONSIN 
OCPARTHCNT Of SOCIOLOOY 

ITCM ANALY SJq PACKaGC _ 



Time 1 

Cir6«8*rHS ~AL>HA '« 78792 



Item analysis fon score 3: part i plus, part 2 



STANDARD 






. 6.551 
















ITC^ To 


TOTAL COJ^R 


elations 




















I 

" .60093 


2 

•60375 


3 

.3*<032 


.6*4016 


5 

.6M9I 


6 

• **370l 


7 

•M2226 


a 1 

• H9798 


9 

.%9|44 


10 
•5IS63 




1 t 
.S>M6& 


12 
#25107 


-13 X 
.31705 


M 
.30375 


-15 
.50376 


16 
•2BI |6 


17 
•26 199 


-18 
.H3876 


1 9 V 
• 195 1 9 


• 3S4tf 




- .*<780I 


-22 
•SOM^O 


' 23 . 
.33089 


-2M 
.60085 


.61853 


-26 
.55M7 


- 2 7 
•60883 


28, 
-.0793H 


-29/ 
•S6154 


-30 
• 49**73 


^ — . ~- 


-31 
.Si57i 


-32 
.M0790 


33 
.31632 


3M 
.29507 


• 35 

. 5 2 2*^ 8 


.36 
.369 2 6 

• 






> 






1 


ITEh TO TOTAL 


CORRELATInwS 








t 






2 


3 




5 ' 


6 


7 


8 


9 


10 






•562H6 


.28970 


•60859 


.56tM7 


.38786 


.371 1 1 


•44766 


.44646 


.47<«04 




1 1 


12 


-13 


1 H 


-15 


16 


17 ' 


-18 


19 


_ -^ 0 . 




.Sr7i5 


..20726 


. 25379 


.2555M 


• *t*<590*^ 


.2151? 


• 19182 


.395M 


• 1 3869 


•29131 




21 


-22 


" n 




-25 


-26 


.27 


2 8 


"-29 


-30 




.*<|775 


•M5308 


.28829 


.55679 


.67879 


•50643 


•5677M 


-. I 4389 


.517^2 


t<l4479 




-3l\ 

\ 

T«l64|Y 


-32 


33 


3H 


• 35 


• 36 












.3M8H6 


.2S6Mt 


• 2*«*455 


•M4739 


•30923 
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j UNlVEHSITT OF WISCONSIN 

!: DEPARTMENT OF SOC10L06T 

ITEH ANALYSIS PACKAGE 
^ 0 WMITAKER TEACHER ATTUODES 

Tiene 1: HEfi a^.alysis for score i: teacher attitude 

A COnst^'^T 0^ 120 HAS BeE*^ added TO THIS SCORE 
CROWBAc^S AL^ha > .7935 ' 
STANDARD ERROR OF kEASUREMENT ■ H.255 
ITC>* TO TOTAL CORRELATIONS 



I 

r790J 


2 

.06645 


3 

.12726 


4 

.C2457 


5 

•47246 


-6 

74*^97 2 


-I I 

.3m173 


12 
.25569 


-13 
.16737 


-14 
.42666 


-15 
• 1 7299 


16 
.32727 


.51 145 


-22 
.36748 


23 
.42769 


24 
. 19459 


-25 
,76690 


-26 

' .51115 


" 31 
.47949 


-32 
.04674 


-33 
.40226 


-34 
. 156C1 


35 
.48939 


-36 
.41525 



CU^CTOn CORRECTEO ITEh to TOTAL CORRELATIONS 



I 


2 


3 




5 


-6 


. I 1072 


-.02578 


.36972 


-.07829 


,40261 ' 


.43914 


-I I 


12 


-13 


-14 


-IS 


16 


.24951 


. i 860 ! 


.10188 


.38527 


.12676 


.2*»80*f 


-21 


-22 


2 3 ' 


24 


-25 


-26 


. 46680 


• 32J 67 


.36bl2 


• 13268 


.7 489.0 


.46939 


31 


-32 


-33 


-31 


35 " 


-36 


.39S4I 


-•012S1 


•37091 


•07744 


.447i_4 


\^.30884 
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7 


8 


9 


-10 


.302 1 6' 


" .^5 550 


.45343 


. 44945 


-17 
.13703 


1 8 
.64314 


19 
.66262 


-20 
.40199 


27 


-28 


29 


-30 


.37 370 


. 18695 


.08632 


. 4S33S 


37 
.09064 


•56531 


- 3 9 

.6 3 869 


40 _ 
-.07 4 29' 


7 


a" 




-MO 


.25378 


.2«155 


.38416 


«40«23 


- 1 7 


18 




-20 


70896fl 


" .60 4 85 


•6 10^7'*'^ .sms" 


27 


-28 


29 


-30 


.31 186 


.12296 


-.01 337 


•40S30 


37 


-38^' 


— -39 


^o ^ 


>. 00732 


•S32S3 


•59272 


-.13225 



UsIVEftSlTy or WISCONSIN 
CcPARTve'-T Cr SOCIOLOGY 
ITEM ANALYSIS PAC<ACaE; 

£>• WHlTA<£f? 

Time 2: ite^ analysis roR score i: pa«t i 

A c6MSTAKT~0f Q HAS BEftN AOOEO ~T0 Th fs^ SCORE 

CRO'^SACHS AL^HA • •a66<4 

STAWOARD ER^O« CF hEASURE^^ENT • 3f267 
ITE^ TO TOTAL CORRELATIONS 

I 2 3 H . 5 

•72930 •355^4^ .SHO?! •7H225 .593i8 



II 12 
•71938 ^69962 



CURETON CORRECTED ITEM TO TOTAL CORRELATIONS 

I 2 3 M " 5 

• 6^327 •25728 •H550M .67115 .507i45 

tl 12 
Ti^SfT" i^47o'9 7 """" 
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6 7 8 9 10 

.69728 •57021 •H5171 •72l**2 .73119 



\ 



6 ' 7 8 9 10 

.6 1860 •MA2 19 .37 290 •6599? .66 ISO 
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UMvCRSlTy 0^ pTISCOkSIN 
OEPAWTMENt Cr SOCIOLOGY 
JTEH ANALYSIS PACKAGE 

•pigj^ 2: ITEM ANALYSIS ^OR SCORE 2: PaRT 2 

A C0f*5TANT 0^ 0 has BeE** AOOE'O TO THIS SCORE 

CR0*»5ACHS ALPHt ■ •8523 

STA*^3i«0 ERROR Of mLASUREMENT ■ 5»3fll 

Item" TO TOTAL corTelaTicns 



-13 




|5 


16 


-17 


.53759 


• 02«t20 


.26077 


•32230 


.60771 


-23 


2H 


-25 


26 


-27 


•62663' 


• 56BM 


.66215 


, 1 6680 


.*45663 


-33 




-35 


-36 




•59889 


•680M8 


•68510 


•67228 





CU«CTOf CORJ'PCTED ITEH TO TOTAL CORRELATIONS 



-13 


1** 


15 


16 


-17 


,**9699 


-.0716** ^ 


•\±2**2 


__.2506i 


.5/* 9 7 1^ 


-23 


2** 


• 25 


26 


-27 


.57158 


.<49816 


•609^0 


.0905H 


.39079 


-33 




-35 


-36 




.53339 


.43137 




•4252A 
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-Id 

.65l2i 

-28 
.51278 


-19 
• 6M09 

-29 
,66278" 


-20 ^ 
.39*472 

30 
•39929 


21 
.36353 

31 
;**3606 


22 
•15919 

-32 
•H7H2f 


-16 
•60300 

•2a 

• *4*498 1 


-19 
• 5629** 

-29 
•61213 


-20 

_.302t)l_ 
30 
.320*41 


21 
,27786 

31 
•38532 


22 

j^OjJ^'^Ji 

-32 
•3997I 
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. U:;lVE«SITy Qf WISCONSIN 

oePARTMeNT or sociology 

ITEM ANAUTSIS PACKAGE 

0. dHiJkKlR 

Time 2: iteh avaltsis roR score 3: Part i plus part 2 

A c3*^STA»a or 0 HAS b^en aooeo to this score ^ 

CRO^^SACHS AUPHa ■ •90S3 

STA^^DARD E>iRDR Of hEASURE«ENT « 6*m32 
TtC« to TOtVl CORJ'tLATIONS " ' 

^ I 2 3 H S 6 



•62983 


•27665 


• 5l*«07 


•635|o 


,M962M 


,5693H 


t 1 

•65757~ 


12 
•63731 


-13 
•52303 


IH 
•00960 


15 
•30183 


16 
•32177 


21 
.37MC8 




-23 
• 577m 


2H 
•59597 


-25 

•63075 


26 
.13996 


31 
• *«t 131 


•M22&6 


-33 

• 5M266" 


-3M 

,'6i56V ~ 


• 35 
• 619*48 


.36 
•63670 



CURETOn corrected lTE^^ TO TOTAL CORRELATIONS 

■J , 



I 


2 


3 




"5 


' '6 


•58626 


•23M00 


• M 7808 


•59667 


•M56o6 


•52741 


1 1 


12 


-13 




15 


< u 


• 62707 " 


i 60087 


^rH95fl 


••05M7« 


~ 2 38 1 1 ' 


• 27**2'« 


2 I 


22 


-23 


2h 


• 25 


26 


• 318:32 


•09907 


•5366M 


• 5521 I 


•592M0 


•08883 


31 


-32 


-33 


' -3M 


-35 


-34 


•37460 


•370MS 


• t9H59 


• 65291* 


•sasia 


•40179 
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7 


8 


9 


10 


•M72M2 


•36836 


•41M76 


* •60S*»3 


-17 


-18 


-19 


-2C 


• 5**lM9 


•61M29 


•56550 


•33211 

t. 


-27 


•28 


-29 


30 


• 39959 


•M8922 


•6M752 


•35920 



7 

•H232M 

-17 
•S9776 

• 27 
•35327 



8 

•33313 
-18 

• 57801" 
-28 

• ***4607 



9 

.58166 

-19 
•5277 3 

-29 
i4l202 



^ 10 ^ 

•549^2 

-20 
".24r0i" 

30 
•30531 
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APPENDIX F 
SCATTER PLOTS FOR QUESTION 5 
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SCAT 1-13 

horizontal: StudeO'C Comprahenslon scores 

VEPTJ.CJiLJ Teacher Problem Solving Attitude Scores 



180* ♦ 

I 

I 
♦ 

V 

1 

172. ♦ 

1 

I . 
♦ 
1 
I 

t6M. ♦ 



13.5 15.0 16.5 18.0 19.5 

♦ 

I 

I 
♦ 

I 

' I 

♦ 

1 
* 

• I 

I 

• ♦ 

I 
I 
♦ 



I 
I 

♦ • 

I 



«. 



I 
I 
♦ 

I 

1 

IHft. ♦ 
I 
I 
♦ 

I 
I 

IMO. * 
I 
I 
♦ 

I 

I 



I 

156. ♦ ♦ ♦ 



I 
I 
♦ 

I 
I 
♦ 
I 
I 
♦ 

V 
I 
♦ 

I 
I 
♦ 

I 
I 



132. ♦ , ♦ 
♦ M...-*....*.--^* 1.--.-*, 

IZ.Q - 13*Sl_ - 15.0 JAj'S -le.t-Q - l?.t-5 

m POINTS ARF iNCLUnEU PJ THF SCALED PLOT 

CORRELATION R ■ -.590, T{13) « -2.63| SIG. rROB. ■ .021 

MFAN STO. DEV. WE'jReSSION LINE S.E. RtG. 

.H_. 15./Ja lc371 , _ . „ . 

V 158.87 9. 357 V» 222. 16356 • M.02313»H 7,8««3 
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SCAT 1*15 

horizontal: student Application Scores 

VtRTICALJ Teacher Problem Solving Attitude Scores 



6.70 



8»2*i ''•75 11.25 12.75 lH.25 



« 



I 80. ♦ 

I 

1 .- 

I 
T 

172. * 

I 

I 
I 

' 1 6 M . ♦ . 

I 
I 
♦ 

I 

156. ♦ 

I 

. I 
♦ 

I 
I 

ine. ♦ 

T 
1 

I 

♦ 

I 

I 

1 '^O. * 

I 
I 

♦ 

i 

1 - 

132. ♦ 

fciyc e.25 - 9.75 11.2b 12.75 n.2 

It PciHTr- ARr iNCLUnED IN THE SCALED PLOT 
CCVRRELATICN- P = -.5M9, T(13) « -2.37, SlG. PROB. ■ 

V 

I^EAM "siD. DEV. KE&KeSSION- L IME S.E. REG. 

V 158.87 9.357 V» l86.2«*n61 - 2.6M653»H 8,117 
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SCAT 1-17 

HORIZCNTal: student Problem Sclving Scores 

VERTICAL! Teacher Problem Solving Attitude Scores 



1 



leo. * 



I 72. 



I 56. 



1 HO, 



32. 



4. 

I 
I 
♦ 

I 
I 
♦ 

I 
I 
♦ 

1 
I 

» ♦ 

I 
I 
♦ 

M 

I 
♦ 

I 
I 
♦ 

I 
V 
♦ 

I 
t 

I 
I 
♦ 

I 

I 
♦ 

I 
I 
♦ 



. 2. 3. H, &, « 4 

l"-^. POINTS ARt riCLi.'DtD IN TFif SCALED 'PLOT 

CORRELATION M ■ r*'*7\, Til3) = -1.92, SIG. ^^OB. ■ ,07' 

ME<iPE'i''i I OfJ LINE S.E. RES. 

V» l72,iVfU8 • 3.80'*«»H S.547 



ML Afl 
H 3. "4971. 
V ISA. 87 



STD. DEV. 
1 . I i A 
9,3».7 
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